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ABSTRACT 
A MICROBIOMIC APPROACH TO THE CHARACTERIZATION OF THE 
 IMPACTS AND INFLUENCES OF VIRAL, BACTERIAL, AND HARMFUL 
ALGAL BLOOM TOXINS ON THE BOTTLENOSE DOLPHIN 
by Corey David Russo 
December 2016 
As apex predators that display high site fidelity Tursiops truncatus (bottlenose 
dolphin) are indicators of marine ecosystem health. Bottlenose dolphins, additionally, 
display pathogenesis and immune response similar to that of humans. Humans and 
coastal bottlenose dolphins, in particular, are constantly exposed to the same industrial, 
agricultural and domestic toxins and pathogens, contaminants and pollutants. Thus, 
studies on the bottlenose dolphin are also valuable in bridging the gap between ocean and 
human health. Bottlenose dolphins are susceptible to viral bacterial and toxin infection. 
Infection in the bottlenose dolphin manifests itself in the form of mass stranding events, 
unusual mortality events, chronic infection, clinically expressed disease, and 
unapparent/sustained infections. The focus of this dissertation project is the role and 
characterization of microorganisms’ impact on bottlenose dolphin stranding events. In 
accordance with the three main contributors of bottlenose dolphin stranding events this 
dissertation employed molecular techniques and next generation sequencing technology 
for viral, bacterial and harmful algal bloom toxin assessment on dolphins and model 
organisms. The viromics portion of this dissertation, for instance, took a random hexamer 
approach towards purified viral RNA and DNA, contributing 86 viruses from BND 
serum not previously reported in the BND. The bacteriomics portion of this project, 
 iii 
additionally, took a 16sPCR approach towards purified bacterial nucleic acid associated 
with BND skin, demonstrating differences in bacterial diversity and abundance in coastal 
and offshore BND ecotypes. The effects of harmful algal bloom domoic acid exposure to 
zebrafish, finally, took a 16sPCR and qPCR approach to illustrate shifts in zebrafish gut 
microbiome and changes in transcriptional regulation, respectively. 
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CHAPTER I - INTRODUCTION 
Bottlenose Dolphins and Bottlenose Dolphin Stranding Events 
Tursiops truncatus (bottlenose dolphin) is a marine mammal distributed in 
temperate and tropical waters throughout the world’s oceans (Vollmer & Rosel, 2013). 
The bottlenose dolphin, furthermore, is published on more than any other cetacean and it 
is one of the most studied marine mammal species (Baird, Walters, & Stacey, 1993; 
Worthy, 1998). Unusual mortality events (UMEs), or large-scale dolphin stranding 
events, have been reported and recorded for scientific research purposes since 1991.  In 
dolphin related studies, the culprits of dolphin stranding events are largely identified as: 
viruses, bacteria and/or harmful algal bloom toxins. 
In 1991 the United States established the UME program and has formally 
recognized 60 UMEs to date. In the United states, dolphin stranding events are most often 
reported on the Gulf of Mexico coast (Texas, Louisiana, Mississippi and Florida) and 
Atlantic coast (Florida East coast, South Carolina, Virginia, North Carolina); stranding 
events also occur on the Pacific, Alaskan and Hawaiian coasts, though bottlenose dolphin 
stranding events in these regions are considered rare events (NOAA, 2013a). On the Gulf 
of Mexico (GOM) coast, for instance, bottlenose dolphin stranding or unusual mortality 
events have been reported with regular frequency, in: 1991, 1992, 1993-1994, 1994, 
1996, 1999-2000, 2004, 2005-2006, 2005-2006, 2007, 2008, 2011, 2010 -2015, 
(Carmichael, Graham, Aven, Worthy, & Howden, 2012; NOAA, 2015; Venn-Watson et 
al., 2015; Worthy, 1998). The current and ongoing stranding event is the longest 
(declared December 13, 2010) and most devastating (1374 cetacean strandings, 94% 
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stranded dead) marine mammal die off in GOM stranding record (NOAA, 2015; Venn-
Watson et al., 2015). 
Along the Atlantic coast of the United States, additionally, documented bottlenose 
dolphin stranding events have been reported in: 2001, 2004, 2008, 2009, 2010, 2011, and 
2013 (NOAA, 2015). One of the most notorious bottlenose dolphin stranding events 
occurred from June 1987 to March 1988 on the Atlantic coast from New Jersey to central 
Florida (Geraci, 1989; McLellan, Friedlander, Mead, Potter, & Pabst, 2002). This 
stranding event led to a reported 742 dolphins that had stranded and died and a depletion 
of over 50% of the naturally occurring coastal migratory bottlenose dolphin stock 
(McLellan et al., 2002; Miller, 1996). Although the most reliable reports of bottlenose 
dolphin UMEs come after the formation of the UME program in 1991 and thereafter, the 
magnitude of the 1987-1988 dolphin stranding event and retroactive studies has identified 
the 1987-1988 dolphin stranding event to be identified as the first scientifically reported 
dolphin stranding event. 
Groups have attempted to make logistical sense of dolphin stranding events in 
relation to migratory patterns of bottlenose dolphins. McLellan, and colleagues (2002), 
for example, identified a discernible southern migratory pattern in the 1987-1988 eastern 
seaboard dolphin stranding event. Their findings indicated that the stranding event began 
off the coast of New Jersey in 1987 and continued in a southern stepwise progression to 
central Florida in 1988. Although an encouraging trend, this migratory pattern seemed to 
be anomalous and has not provided corresponding or reliable data in relation to other 
stranding distributions for other time periods. Migratory patterns and disease progression 
studies, though, have the best potential to allow for dolphin stranding forecasting and 
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predictive models and would allow for appropriate mitigation response protocols. The 
staggering dolphin stranding numbers reported, additionally, are likely grossly under 
represented. Only a limited number of areas have dedicated long term stranding 
monitoring programs. Most coastal territories are poorly covered or go unmonitored 
altogether usually due accessibility issues. Dolphins that strand can also have their 
carcasses buried, decomposed or washed back to sea if not identified and recovered in a 
timely manner. 
The large number of dolphin stranding events and unusual mortality events is 
indicative on the vulnerability and susceptibility of dolphins to environmental disturbance 
and environmental pathogens.  Several contributing stressors (i.e., sea surface 
temperature, flow rate of cold fresh water, salinity, food availability, emaciation, etc.) are 
also likely facilitators in dolphin stranding events (Carmichael et al., 2012; Wilson et al., 
1999; Miller, 1996). Dolphin stranding events, though, are most often attributed to viral 
disease, bacterial disease and harmful algal bloom toxin exposure, although as much as 
52% of stranding events are undetermined (Australian Wildlife Health Network, 2013; 
Department of the Navy, 2013; NOAA, 2015) (Figure 1). 
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Figure 1. The causes of bottlenose dolphin stranding events as depicted by NOAA, U.S. 
Marine Mammal Unusual Mortality Events Program, 2 
Biotoxins (red – 20%) and infectious diseases (blue – 13%) account for the majority of determined bottlenose dolphin stranding 
events. 
Viruses in the Marine Setting and Viral Contribution to BND Disease 
Research on environmental viral diversity, facilitated by genomic, metagenomic 
and microscopy studies, have established viruses as an abundant and integral component 
of the marine environment (Breitbar & Rohwer, 2005).  It is estimated that viral particles 
are present 106 to 109 per ml of coastal and oligotrophic oceanic waters, while in marine 
sediment viral particles are estimated upwards of 109 -1010 per cubic centimeter (Breitbart 
& Rohwer, 2005; Hewson & Fuhrman, 2003, 2008; Suttle, Chan, & Cottrell, 1991). 
Viruses are the most abundant biological entity on the planet; they have been isolated 
from the deep sea, solar salterns, acidic hot springs, alkaline lakes, in the terrestrial 
subsurface and from depths of greater than 30 meters of ice in polar lakes (Breitbart & 
Rohwer, 2005; Pedros-Alio et al, 2000; Romancer, Gaillard, Geslin, & Prieur, 2007). 
Viruses play an instrumental role on host community composition and in horizontal gene 
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transfer.  Viral influence on the microbial loop, additionally, is only beginning to be 
recognized as pivotal in the process of nitrogen and nutrient cycling (Hewson & 
Fuhrman, 2003; Short & Suttle, 2002; Wilhelm & Suttle, 1999; Wommack, Sime-
Ngando, Winget, Jamindar, & Helton, 2010). Viruses are also notorious as being obligate 
intracellular parasites that take over biosynthetic machinery and functions within a host 
cell, and viruses have the ability to manifest themselves as a clinically expressed disease 
(Munn, 2006). 
Orthodox understanding of virology maintains that viruses have an extremely 
high level of specificity, based on protein-to-protein recognition and binding of viral 
proteins expressed and host receptors present. As technology continues to improve and 
virology becomes a more comprehensive field, evidence continues to emerge that local 
viral diversity is high, whereas global diversity is relatively low as viruses continue to 
move between biomes.  Sano, Carlson, Wegley, and Rohwer (2004), for example, 
demonstrated that viruses native to a marine environment were able to exist and 
proliferate within hosts found in soil, sediment and freshwater. These findings are 
indicative one of two likely explanations: identical microbial hosts are found in different 
environments; or viruses are not as host dependent as previously thought, and can infect 
different microbial hosts found in differing environments. Indications point to the second 
explanation as being more probable, as more cross reacting viruses are being discovered 
and becoming relatively common (Breibart & Rohwer, 2005). 
Morbillivirus, in particular, originated as a terrestrial disease and contains some of 
the most devastating viruses, including: measles virus (MV), canine distempervirus 
(CDV), phocid distemper viruses (PDV), rinderpest virus (RPV), and peste des petits 
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ruminants virus (PPRV), which have the capability of causing disease in humans, 
carnivores and pinnipeds, cattle and sheep and other small ruminants, respectively (Grant, 
Banyard, Barrett, Saliki, & Romero, 2009). Recently, however, a new morbillivirus strain 
of uncertain origin, identified as dolphin morbillivirus (DMV), has been reported as 
causing disease in marine mammals (Blixenkrone-Moller, Jensen, Harder, & Svansson, 
1996; Munn, 2006). Since its emergence into the marine environment, morbillivirus 
infection is considered to be the most significant cause of mass mortality in odontocete 
cetaceans (Lipscomb et al., 1996). 
DMV exposure in immunologically naïve dolphin populations leads to central 
nervous system disease which affects swimming, diving and navigation abilities, 
ultimately leading to stranding, death and unusual mortality events (Grant et al., 2009; 
Munn, 2006; Van Bressem, Waerebeek, & Raga, 1999). In 1987 and 1988, the first 
reported and confirmed DMV epizootic led to the stranding and subsequent death of 
approximately 2,500 bottlenose dolphins along the Atlantic Coast of the United States 
(Bossart, Reif, Schaefer, Goldstein, Fair, & Saliki, 2010; Saliki & Lehenbauer, 2001). 
The 1987-1988 DMV outbreak resulted in a 10-fold increase in average annual mortality 
rates and a loss of 50% of inshore bottlenose dolphin populations (Bossart et al., 2010; 
Lipscomb et al., 1996). 
Viral particles in marine mammals are responsible for mass stranding events, 
unusual mortality events, chronic infection, clinically expressed disease, and 
unapparent/sustained infections (Rubio-Guerri et al., 2015; Sierra et al., 2014). Duignan 
et al. (1995) have proposed three possible explanations for viral maintenance and 
transmission in the marine environment. Firstly, there may be sufficient viral replication 
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in some species to elicit neutralizing antibody response, but not enough viruses shedding 
to transmit the disease. Secondly, species that congregate in small numbers may have 
limited opportunities to spread virus to other susceptible immunologically naïve hosts; 
thus, transmission may occur with interspecies contact. Thirdly, population sizes of 
marine species may be too small to maintain infection; therefore transmission may be 
accomplished through interspecies contact facilitated by the large-scale migratory 
movements and gregarious nature of the bottlenose dolphin (Duignan et al., 1995; Munn 
2006). 
The bank model, additionally, has recently been proposed as an explanation to the 
seemingly resurgent and re-emergent trend of virus in situ (Breitbart & Rohwer 2005). 
According to the Bank model the most abundant viruses are active and dominant, while 
the rest of the viruses are inactive. With a shift in environmental conditions, new hosts 
emerge and the inactivated viruses become active, while formerly active viruses begin to 
decay and become inactive. This trend continues as the environment stays relatively 
stable and host populations remain susceptible to the active viruses. 
Bacteria in the Marine Setting and Bacterial Contribution to BND Disease 
Bacterial infections in the bottlenose dolphin have been portrayed as on the order 
of rare, secondary or opportunistic to viral, parasitic or traumatic insults (Harzen & 
Brunnick, 1997). The role of bacteria in bottlenose dolphin stranding events, in particular, 
is uncertain and bacteria have not yet been identified as responsible for a dolphin 
stranding event. Morris et al. (2011), for instance, showed no significant difference in 
bacterial communities recovered from wild free ranging bottlenose dolphin blowhole, 
gastric and anus samples (n=180) compared to diseased bottlenose dolphins. A lack of 
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distinct bacterial species recovered seem to suggest and support that culturable microflora 
of the bottlenose dolphin does not have measurable influence on health and bottlenose 
dolphin stranding events. Additionally, many challenges exist in identifying bacteria as 
causative agents of dolphin stranding events, these include: bacterial overgrowth and 
contamination associated with postmortem decomposition, non-sterile field conditions for 
sample collection, cross contamination via air or ocean water aspiration, and bacteria 
presence or contamination associated with ingested prey. Thus, the task of positively 
identifying bacterial pathogens as opportunistic, harmless commensal, or environmental 
contaminants becomes very convoluted to the assessing researcher in stranding events 
(Venn-Watson, Smith, & Jensen, 2008). 
An increase in disease prevalence, monitoring systems and rapid, reliable and 
sensitive experimental techniques, though, is beginning to establish a correlation between 
bacterial infections and unusual mortality events and dolphin stranding events. Mixed 
bacterial communities and bacterial infections are, for instance, often reported in stranded 
bottlenose dolphins. Lipscomb et al. (1996), report that 22 of 42 (52%) of the 1987-1988 
morbillivirus infected dolphins also displayed evidence of bacterial pneumonia and 
bacterial lymphadenitis. A retrospective study on a subset of bottlenose dolphins stranded 
along the South Carolina coast, furthermore, report 31% mortality likely caused by 
bacterial infection (McFee & Lipscomb, 2009). Bacterial infections are likely 
underrepresented as contributors to dolphin stranding events. 
Brucella spp., a facultative anaerobe gram negative bacterium, is of particular 
interest to marine mammal researchers as Brucella has zoonotic potential and is a 
potential contributor to bottlenose dolphin stranding events. Brucella spp., are known to 
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cause abortion, menigoencephalitits, pneumonia, skin infection and bone infection in 
marine mammals, and have also been recovered in the bottlenose dolphin (NOAA, 
2013b). Brucella, additionally, can be responsible for long term or chronic pathogenesis 
and immunodeficiency status via its mechanism of infectivity and survival within 
phagocytes (Tachibana et al., 2006). Brucella has been cultured and identified, from 
aborted premature fetuses (lung liver, spleen kidney, stomach, peritoneal cavity) and 
placenta of an anorexic mother (vaginal/uterine fluids) and from lung necropsies (Miller 
et al., 1999; Schawke et al., 2014). Studies assessing the January to April 2011 nGOM 
dolphin stranding event, additionally, recovered and identified Brucella spp. as the 
immunosuppressant causative agent leading to dolphin mortality in 7 dolphins 
(Carmichael et al., 2012). In fact, 25% of stranded dolphins in the nGOM between June 
2010 and May 2012 tested positive or were suspected positive for Brucella spp. infection. 
(Carmichael et al., 2012). Of 21 dolphins examined in the nGOM between June 2010 and 
February 2011, furthermore, 5 were reported as stranded due to Brucella infection 
(NOAA, 2011). Although not yet identified as the causative agent of an unusual mortality 
event, an increase in Brucella infection, stranding and death has prompted marine 
mammal health experts to re-evaluate and investigate the role of bacteria in dolphin 
stranding events. 
A 20 year retrospective health assessment on bottlenose dolphins housed in 
enclosures in San Diego Bay, CA, conducted by Venn-Watson et al. (2008), has 
contributed to an ongoing identification of potential dolphin stranding event causing 
bacterial pathogens. Venn-Watson et al. (2008), identified bacterial pathogens as 
confirmed or strongly suspected etiology of mortality (designated as category 4) or 
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bacterial pathogens strongly suspected as the primary cause of mortality in individuals 
(designated as category 5) with no evidence of fungal, viral or parasitic co-infections. 
Category 4 agents, as outlined in this study, included: Proetus penneri and Pseudomonas 
aeruginosa, recovered from the lung, lymph node and spinal cord and blood, liver and 
lung, respectively. Category 5 agents, as outlined in this study, included: Staphylococcus 
aureus, Brucella spp, and Erysipelothrix rhusiopathiae, recovered from the blood, 
kidney, liver, lung, pleural fluid and spleen, vertebral column and heart, kidney, liver, 
lung, lymph node and spleen, respectively. 
Toxins in the Marine Setting with Emphasis on Biotoxins (Harmful Algal Bloom Toxins) 
and Toxins Contributions to BND Disease 
Given the complexity, unpredictability and dynamic nature of the environment, 
toxins should be monitored chemically and biologically, via distribution, accumulation 
and uptake and organismal response, respectively (Duffus, 1986). In a natural system, 
toxins can become more or less harmful through their interactions with other chemicals 
and climatic conditions. Ultimately, toxicity and toxin fate is based on exposure route, 
exposure duration and individual health coupled with toxin properties. Lipid solubility, 
molecular weight, polarity and species of compounds are important components of toxin 
fate (i.e. transport, accumulation, storage, transformation, excretion). An increased 
accumulation of toxins in marine mammal tissue is attributable to an elevation of toxin in 
the environment. 
The marine system is typically a non-target source for anthropogenically 
produced toxicants, especially those administered for agricultural, industrial, or domestic 
purposes. Contamination concentration in coastal marine systems is, for instance, 
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correlated with land use differences and population densities (Kucklick et al., 2011). As 
apex predators that display high site fidelity, the bottlenose dolphin serves as ideal 
indicators for acute or chronic regional environmental toxin exposure (Kucklick et al., 
2011). The high fat content of the bottlenose dolphin facilitates bioaccumulation of 
organic lipophilic toxins (Bossart, 2007). Stored toxins, additionally, can be mobilized, 
redistributed and metabolically reactivated in response to environmental, physiological or 
pathological demands (Bossart, 2007). 
Many terrestrial and anthropogenically derived toxins have been recovered in 
bottlenose dolphin toxicity studies. Toxins, including: polychlorinated biphenyls (PCBs), 
polybrominated diphenyls (PBDEs), polyaromatic hydrocarbons (PAHs), and legacy 
insecticides (chlordane, mirex, dieldrin, and dichlorodiphenyltrichloroethane [DDT]) 
have been recovered and reported in bottlenose dolphin toxicity studies (Houde et al., 
2006; Schawke et al., 2014). Although naturally occurring, metal distribution can be 
influenced by anthropogenic activities and taken up by marine animals. Metals, including 
Hg, Cd, Cu, Fe, Pb, and Zn have been recovered and reported in bottlenose dolphin 
toxicity studies (Lahaya et al., 2006; Pompe-Gotal, Srebocan, Gomercic, & Crnic, 2009; 
Sorensen, Venn-Watson, & Ridgway, 2008). Several synthetic toxicants, including 
PBDEs have been recovered from the blubber of stranded bottlenose dolphins (Houde et 
al., 2009). Although synthetic toxicants and metals have not yet been linked to dolphin 
stranding events, they are responsible for immunosuppression, endocrine disruption, 
metabolic disruption, neoplasia and increased susceptibility to environmental stressors 
(Bearzi, Fortuna, & Reeves, 2008; Houde et al., 2006). 
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Harmful algal bloom (HAB) outbreaks and exposures pose a serious threat to 
marine animal health, human health, local economies and is detrimental to ecosystem 
function. HABs occur under optimal conditions via coastal and anthropogenic 
eutrophication. Nitrogen and phosphorous becomes available in coastal waters as a result 
of agricultural run-off, atmospheric deposition harbor pollution or sewage; eutrophication 
coupled with environmental factors, including warm temperatures, low salinity and calm 
seas, promotes rapid overgrowth of algal species (Bushaw-Newton & Sellner, 1999, Mos, 
2001). HABs can cause anoxic conditions; of the estimated 5,000 algal species, 
additionally, approximately 100 algal species are capable of producing HAB toxins 
(Bushaw-Newton & Sellner, 1999; Franchini, Malagoli, & Ottaviani, 2010). Acute and/or 
sublethal chronic exposure to biotoxins have been attributed to: immunosuppression, 
disease, unusual mortality events and stranding events. In fact, 50% of all marine 
mammal unusual mortality events occurring on US coasts are attributed to HAB toxins 
(NOAA, 2015). Pertinent to bottlenose dolphin stranding events and naturally occurring 
in the Gulf of Mexico are HAB toxins: brevetoxin, okadaic acid and domoic acid. 
Brevetoxin (PbTx) is a naturally occurring HAB toxin produced by the 
dinoflagellate Karenia brevis. K. brevis, are occasionally reported along the mid and 
Atlantic south coast of the United States and are largely distributed with high frequency 
throughout the Gulf of Mexico. Acute brevetoxin exposures are responsible for massive 
dolphin mortalities (Haywood et al., 2007). Humans experience respiratory distress, eye 
and nasal irritation via aerosol and inhalation mechanisms of exposure. Consumption of 
contaminated shellfish or finfish is also responsible for neurotoxic shellfish poisoning in 
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humans. Brevetoxin toxicity occurs via the binding and persistent activation of voltage 
sensitive sodium channels (McNall, Elliott, & Bourdelai, 2014). 
Okadaic acid is a naturally occurring HAB toxin produced by the dinoflagellate 
Dinophysis and Prorocentrum. The first report of a United States okadiac acid outbreak 
occurred in the Gulf of Mexico in 2008 (Deeds, Wiles, Heideman, White, & Abraham, 
2010). Acute okadaic acid exposures are responsible for massive dolphin stranding events 
and mortalities (Fire et al., 2011; Litz et al., 2014). Human consumption of okadaic acid 
contaminated shellfish results in gastrointestinal symptoms consistent with the clinical 
diagnosis of diarrheic shellfish poisoning. Okadaic acid toxicity occurs via the inhibition 
of serine/threonine protein phosphatases (Opinion of the Scientific Panel, 2008). 
Domoic acid (DA) is a naturally and abundantly occurring HAB toxin produced 
by the diatom Pseudo nitzschia. Pseudo nitzschia is found worldwide and found in very 
high abundance in coastal waters of the Gulf of Mexico. Acute DA exposures in marine 
mammals include morbidity and death; sublethal and chronic DA exposures in marine 
mammals, additionally, can have long term impacts, including: loss of navigational 
abilities, abnormal swimming, chronic epilepsy, degenerative heart disease, reproductive 
failure, long-term neurological damage, stranding events and unusual mortality events 
(Fire & Van Dolah, 2012). DA is a glutamate analog, thus DA toxicity occurs via the 
high affinity binding and activation of DA to the kainate and AMPA glutamate receptors, 
respectively (Lefebvre, Tilton, & Bammler, 2009; Twiner et al., 2011). 
Ingestion is a common and well documented mechanism of toxin bioaccumulation 
and biomagnification. Although uptake of domoic acid can occur via inhalation and/or 
dermal exposure, ingestion is the primary route of domoic acid transmission in the 
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bottlenose dolphin. Studies have shown pinfish and mullet in Sarasota Bay, FL, for 
instance, to contain domoic acid (Twiner et al., 2011). This overlaps with the piscivorous 
trophic diet (i.e. pinfish, mullet and pigfish) of the bottlenose dolphin as identified in 
stomach content analysis of stranded and incidentally captured bottlenose dolphins in 
Sarasota Bay, FL (Barros & Wells, 1998). DA is likely concentrated in the viscera and 
body tissue of fish; wild fish, additionally, do not exhibit symptoms of DA neurotoxicity. 
Thus, a lack of exhibited DA neurotoxicity, makes fish ideal vectors in facilitating the 
transfer and distribution of DA to higher level trophic animals and throughout the marine 
system, respectively (Lefebvre et al., 1999). 
Putting it All Together: Microbiomics (BND and Zebrafish) 
The microbiome is the ecological community of commensal, symbiotic and 
pathogenic microorganisms within and on an organism. The microbiome influences and 
impacts a biological system as a source of: genetic diversity, health and disease, 
immunity, and plays a regulatory role in metabolism and drug interactions. Microbiome 
studies are an emerging and developing discipline that provide insight on the role of 
microbial organisms in overall physiology, health and disease (Rajendhran & 
Gunasekaran, 2010). 
Microbiomic studies or the microbial identification via the amplification and 
identification of molecular signatures have significantly advanced and progressed 
traditional microbiological studies via culture based and sanger sequencing technologies.  
Non-culture based microbial studies and next generation sequencing technologies have 
allowed research scientists the ability to amplify, sequence and identify mixed 
environmental samples. The result of a less selective, more rapid and more reliable 
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method of modern molecular techniques and next generation sequencing allow for 
successful microbiome projects. 
An important and currently understudied point in microbiomic studies revolves 
around roles and relevance of viruses in the microbiome. As of now, virus presence is not 
incorporated in microbiome studies and reports. Viruses, though, are also naturally 
occurring in biological systems. In the human gut, in particular, the abundance and 
diversity of bacteriophages outnumber bacterial presence. It is likely, for instance, that 
viruses contribute thousands of different species to microbiome systems (Reid & Greene, 
2013). Bacteriophages, additionally, carry and transfer genes that code for toxins and 
antibiotics resistance. Bacteriophages are also responsible for infection, metabolism 
disruption and heavily influence microbiota composition. At present, viral diversity and 
impact is largely understudied and neglected in microbiome studies. 
To date, specific primer approaches in bottlenose dolphin and virus identification 
studies have only identified viruses representative of 8 viral families in the bottlenose 
dolphin. Molecular techniques and next generation sequencing (NGS) have the ability to 
provide a more conclusive, efficient and reliable mode of viral identification and 
monitoring of viruses present in the bottlenose dolphin. Therefore, viral work in this 
dissertation will take advantage of molecular techniques and NGS as a more sensitive, 
reliable and reproducible mode of viral detection in bottlenose dolphin samples (Figure 
2). 
For the viromics portion of this study, sample transport mechanisms and the 
impacts of external factors that can potentially influence the fidelity of total virus count 
from point of collection to point of analysis have been considered. Bratbak, Heldal, 
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Thingstad, & Tuomi (1996) confirmed a bottle effect for virions is non-existent. 
Variations observed with differences of surface area to volume ratio of the collection 
bottle, for instance, do not alter natural virus presence (Bratbek, Heldal, Thingstad, & 
Tuomi, 1996). Any agitation to collected samples attributed to transport, furthermore, can 
be considered comparable to in situ conditions having no significant effect on natural 
viral community structure (Bratbek et al., 1996). 
Caution in the delivery of samples was also accounted for to ensure sample 
integrity. Ensuring lids are tightly sealed was critical for samples transported over dry 
ice, as CO2 will lower pH and can therefore be detrimental to viral stability. Sample 
materials delivered to the Gulf Coast Research Laboratory were stored in several states. 
Samples will be prepared for immediate processing and samples were also be prepared 
for long-term storage, in appropriate media. Preservation of samples in their natural state 
is beneficial in protecting against detrimental conditions, including: pH, media and 
osmotic changes. 
Samples prevention against a loss of virus includes holding the sample and 
sample subsets at close to, but not at, freezing and processing samples within a 24-hour 
period of collection. It is important to keep in consideration that partially purified or 
purified virus is a much more sensitive matter as the protective menstruum has been 
removed. In these cases, salt concentration, temperature, suspension media and rates of 
freezing and thawing become critical factors that can have tremendous impact on viral 
viability. Samples stored beyond a 24-hour period, or long term storage, will include 
storing sample subsets at varying temperatures, from -20 to -80 C. 
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Viral assessment studies pose inherent challenges to take into consideration. 
Viruses, for instance, are among the most complex microbes to concentrate, as viruses do 
not have a ubiquitous genetic component unifying all viruses (Bosch et al., 2011). 
Current viral identification methods and techniques focus on the physicochemical 
adsorption of viruses to a variety of adsorbents or viral concentration is achieved by 
elution of viruses into small volumes via column purification techniques (Wommack et 
al., 2010). Limitations of adsorption techniques, though, involve selectivity bias via viral 
differential electrostatic adsorptive properties. Limitations of column purification 
techniques, furthermore, involve a potential loss of megaviruses, or viruses larger than 
selected poor size. Our group chose column purification as a means of bacterial exclusion 
and viral concentration. 
Once concentrated, viral nucleic acid purification, followed by random 
amplification, NGS and bioinformatics allowed for a viral profile presence in bottlenose 
dolphins (Figure 2). Molecular techniques, NGS and bioinformatic applications have 
advanced to the point of being highly specific, reliable and time and cost effective. Thus, 
these techniques are readably filling the niche of the gold standard in regards to 
phylogenetic studies.  Random amplification followed by downstream sequencing and 
sequence alignment, for instance, has the potential to yield the construction of a virome 
library from environmental samples.  A viromics study of collected serum is the goal of 
serum samples collected from free ranging bottlenose dolphins. We have successfully 
isolated viral particles from bottlenose dolphin serum, followed by random amplification 
via a random primer approach and full genomic sequencing of the PCR generated 
amplicons. The purpose of this study is to identify and characterize viromes of bottlenose 
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dolphins. The construction of a marine mammal viral library has meaningful implications 
in future clinical, diagnostics and remediation efforts in marine mammal health and 
rehabilitation. 
From an experimental design perspective, bacteriomic studies are relatively 
straight forward, especially when compared to viromic studies. Molecular and next 
generation sequencing technologies allow for less selective, more rapid and more reliable 
bacterial amplification and sequence identification of environmental samples. 
Bacteriomic studies for instance, rely on primer selection that allows for PCR 
amplification of ubiquitous and highly conserved and hypervariable regions of the 
prokaryotic genome that can be used for quantification and phylogenetic relationship 
development. Statnikov et al. (2013) identify 3 characteristics of good marker genes, 
including: 1.universal presence in microbes, 2.conserved regions between members of the 
same species and 3.different regions to allow for taxonomical discrimination. 
Satisfying the first characteristic of a good gene marker presented by Statnikov 
and colleagues (2013) is the 16S Ribosomal RNA.  The 16S ribosomal RNA sequence 
has been identified, characterized and illustrated as an approximately 1600 base pair (bp) 
gene segment that has changed very slowly throughout evolutionary history. This well 
conserved region of genetic material has also been characterized as ubiquitous and unique 
to prokaryotic organisms. Satisfying the second and third characteristics of a good gene 
marker presented by Statnikov and colleagues (2013), is accomplished via the primer set 
used in a microbiomic study. The 16S ribosomal RNA gene sequence, for instance, is 
composed of 10 highly conserved regions and 9 hypervariable regions. Microbiomic 
projects amplify microbial genomics via conserved broad range and universal primers. 
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Amplification of highly conserved and hypervariable regions can elucidate microbial 
organism identification on the genus and species level, respectively.  The 16S ribosomal 
RNA is, therefore, an ideal gene marker in phylogenetic studies of microbial 
communities. 
Bacteriomic studies benefit most from sequence data generated at a minimum of 
approximately 300 bases. Longer sequence read output in microbiomic studies correlates 
to a greater level of gene coverage, resolution and microbial diversity in phylogenetic 
trees or taxonomic lists. DNA, in 16S ribosomal RNA studies, is amplified via primers 
binding conserved regions that allow for partial amplification of 16S ribosomal RNA and 
coverage of one or more hyper variable regions. 
The 16s ribosomal RNA allows for adequate and reliable bacterial identification, 
but the 16s ribosomal RNA region is not without limitations. There have been published 
studies on the effectiveness of 16S ribosomal RNA as gene indicators in environmental 
mixed community bacterial studies. Wahl et al. (2012), for instance, report that while 
highly effective 16S ribosomal RNA v1-v3 identify different bacterial species than 16S 
ribosomal RNA V3-V5, performed on the same sample. The Wahl et al. (2012) study 
identifies more genera and species identified with the V1-V3 primer combination, while 
the V3-V5 primer combination identified approximately 75 additional genera not 
detected by the V1-V3 combination. The ubiquitous and unique nature of 16S ribosomal 
RNA in prokaryotic organisms make the 16S ribosomal RNA ideal gene indicators, 
though the differences in V1-V3 and V3-V5 studies suggest that an increase in 
bacteriomic sensitivity recovery is correlated with an increase in sequence length and/or 
increase in variable region targeting. 
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The Skin provides unique microhabitats and selective pressures for unique 
communities of bacterial attachment, colonization and growth. Skin microbial organisms, 
furthermore, are associated with overall organismal health (Bain, 2014).  Studies on 
bacteria associated with bottlenose dolphin skin, in particular, illustrate health of 
individual bottlenose dolphins and also offer a top down approach on marine ecosystem 
health and functionality. Bacterial skin studies have long been assessed and reported 
through photographic studies of skin lesions. Long-term photographic studies have the 
ability to identify disease presence and persistence estimates in bottlenose dolphin 
populations; photo identification techniques, however, should not be considered a 
sustainable method of disease prevalence, progression, recurrence, and resolution. 
Culture based studies on captured and released BNDs, on the other hand, have allowed 
for bacterial identification of skin wounds or lesions. More invasive and expensive, than 
photographic studies, culture based techniques can more definitively identify the 
presence of microbial organisms from skin swabs, lesion swabs and skin plugs. Culture 
based bacterial studies, though, fall short in microbial community composition 
identification. Agar composition (i.e., pH, salt concentration, nutrient content) select for 
growth of particular bacterial species. The concept of viable but non culturable, 
additionally, refers to a growing number of microbial organisms that are naturally 
occurring in samples but unable to be cultured. Culture based studies are, therefore, 
inherently exclusive; and this is reflected in the estimate that culturing techniques are 
only capable of culturing less than 1% of bacteria (Pham & Kim, 2012). Microbial 
organism identification based on cultivation, growth, morphological, physiological and 
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biochemical characteristics are effective, but do not represent the naturally occurring 
diversity of microorganisms in environmental samples. 
For the bacterial communities associated with BND skin portion of this study, 
bulk DNA was extracted and 16s was amplified and sequencing data was compared to a 
phylogenetic ribosomal database reference to assign corresponding taxonomy from free 
ranging coastal and offshore BND skin samples (Figure 3).  Associations can be drawn 
between the presence of bacterial communities recovered and environmental parameters, 
or anthropogenic factors. Differences in bacterial communities recovered can also 
indicate changes in environmental conditions or toxin presence and exposure. Zoonotic 
transmission from dolphins to humans can occur through common use of coastal waters 
and exchange of normal flora or pathogens in the water column (Morris et al., 2011). 
Thus, bacterial communities associated with bottlenose dolphin skin can also provide 
data relating to risk and assessment of zoonotic pathogens carried by the bottlenose 
dolphin. 
Gut bacteria, additionally, influences and impacts a biological system as a source 
of: genetic diversity, health and disease, immunity, and regulatory roles in metabolism 
and drug interactions. The gut carries the largest, densest ad most diverse co-evolved 
microbial community and is essential to overall organismal health. Thus, bacterial 
studies, to date, have largely focused on bacterial presence and their influence in healthy 
and diseased gut. 16S ribosomal RNA studies have yielded over 13,000 16S ribosomal 
RNA sequences and have established the gut as essential in the processes related to food 
break down, energy and nutrient sequestration, immunity regulation and drug and toxicity 
metabolism (Turnbaugh et al., 2006). Gut bacterial studies, therefore, provide insight on 
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the role of microbial organisms in overall physiology, health and disease (Rajendhran & 
Gunasekaran, 2010). 
The gut carries a co-evolved and diverse microbial ecosystem that is essential to 
system health. Thus, many microbiome studies continue to focus on bacterial presence 
and their influence in healthy and diseased gut. Containing the largest, densest and most 
diverse microbial community in the human body, the gut is the most and best-studied site 
in human microbiome projects. The first comprehensive molecular survey of gut 
microbiota accomplished and published in 2005 yielded over 13,000 16S ribosomal RNA 
gene sequences (Turnbaugh et al., 2006). 16S ribosomal RNA studies on non-human 
primates, including mice, for instance, have shown that the gut microbiota is an efficient 
natural bioreactor programmed to break down food, supply organisms with energy and 
nutrients  and regulate immune and drug and toxicity metabolism (Turnbaugh et al., 
2006). Studies have associated specific medical conditions and diseases to gut 
microbiota, including: obesity, circulatory disease, inflammatory bowel diseases, autism 
(Kinross, Darzi, & Nicholson, 2011). 
The 16s Ribosomal RNA does a sufficient job in microbiome identification, but 
the 16s Ribosomal RNA region is not without setbacks. There have been published 
studies on the effectiveness of 16S ribosomal RNA as gene indicators in microbiome 
studies. Wahl et al. (2012), for instance, report that while highly effective 16S ribosomal 
RNA v1-v3 identify different bacterial species than 16S ribosomal RNA V3-V5, 
performed on the same sample. The Wahl et al. (2012) study identifies more genera and 
species identified with the V1-V3 primer combination, while the V3-V5 primer 
combination identified approximately 75 additional genera not detected by the V1-V3 
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combination. The ubiquitous and unique nature of 16S ribosomal RNA in prokaryotic 
organisms make the 16S ribosomal RNA ideal gene indicators, though the differences in 
V1-V3 and V3-V5 studies highlight the increase in microbiome sensitivity recovery via 
an increase in sequence length and/or the increase in variable region targeting per study.  
Classification system of microbiome findings, furthermore, is moving in the direction of 
microorganisms identified per specific body sites, body habitats and across entire 
systematic individual subjects. The future of microbiome studies will incorporate the 
holistic reporting of the presence of microorganisms, their regulation on processes, and 
their associations with health, disease and overall physiology. 
The zebrafish gut microbiome portion of this study focuses on the impact of the 
harmful algal bloom (HAB) toxin DA on Danio rerio (zebrafish) gut microbiome 
composition and impact. HABs are occurring with increasing frequency and severity 
(Bushaw-Newton & Sellner, 1999; Valdiglesias, Prego-Faraldo, Pásaro, Méndez, & 
Laffon, 2013). Zebrafish, additionally, are model organisms; data collected in zebrafish 
studies are extractable and applicable to mammals.  Previously established DA EC50 
value relatedness in zebrafish and mammal DA exposures, for instance, allows our group 
to extrapolate bacteriomic and transcriptional data gathered to the bottlenose dolphin. 
Thus, zebrafish were used model organisms were used in varying domoic acid exposures 
to illicit bacteriomic and transcriptional shifts of brain and gut samples, respectively 
(Figure 4). 
Developmental, physiological and co-evolutionarily mutualistic relationships 
exists between host and microbiota; thus, the microbiome appropriately refers to the total 
sum or collection of host and microbial organisms within a system. The advancement and 
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accessibility of novel sampling strategies, powerful molecular technologies, sequencing 
platforms and dataset analysis has facilitated in the rapid advancement of the 
microbiomic field. Next generation sequencing, specifically, now allows for low cost, 
high sensitivity and high throughput sequencing of microbial communities and continue 
to shape our understanding of microbiomes. Biological systems, furthermore, hosts an 
enormously abundant and diverse array of microbial organisms. The microbiota in the 
human body comprises 90% of the total number of cells associated with the human body; 
accounts for more than 1000 different species level phylotypes and contributes more than 
360 times as many protein encoding genes as in the human genome (Bain 2014; Grice & 
Segre, 2012; Rajendhran & Gunasekaran, 2009). As a rapidly emerging and developing 
discipline, microbiomics, has the optimistic potential to elucidate and illustrate the role of 
microbes in organismal physiology, health and biomedicine (Rajendhran & Gunasekaran, 
2010). 
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Figure 2. General schematic detailing viromic study design. 
Red dashed boxes denotes QA/QC checkpoints; yellow box denotes end goal. 
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Figure 3. General schematic detailing bacteriomic study design 
Yellow box denotes bacteriomic end goal. 
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Figure 4. General schematic detailing zebrafish exposure to domoic acid study design. 
This study design was used per treatment group (control, low and high).Yellow box denotes bacteriomic end goal. 
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Research Considerations 
Within the United States, dolphin stranding events most frequently occur in the 
Gulf of Mexico; thus, the original goal of funding established in 2007 (characterize 
bottlenose dolphin stranding events via the work up of stranded dolphins on the Gulf of 
Mexico, MS coast) was ideal and appropriate. The deep water horizon (DWH) oil spill 
event in April 2010 (Figure 5), though, forced our group to modify our study design, 
approach and goals. As a result of DWH and subsequent litigation/government imposed 
sanctions relating to stranded dolphins in the Gulf of Mexico, attention shifted towards 
microbial agents recovered and identified in free ranging non-oil exposed bottlenose 
dolphins. Thus, research accomplished, as outlined in this dissertation, focuses on viruses 
recovered in serum from free ranging bottlenose dolphins off the coast of Sarasota, FL; 
bacteria recovered in skin samples from free ranging bottlenose dolphins off the coast of 
San Diego; and shifts in microbial and gene transcription regulation in the model 
organism Danio rerio (zebrafish) exposed to varying concentrations of domoic acid. The 
following research projects and data presented will: establish and contribute to a 
bottlenose dolphin microbiome; allow for future comparative studies of wild non 
stranded dolphins and stranded dolphins changes in viral and bacterial presence; and 
provide knowledge on domoic acid exposure and organismal molecular response. 
Sampling Sites 
Tursiops truncates is the most common cetacean in the Gulf of Mexico. 
Excluding offshore dolphin populations, conservative bottlenose dolphin populations 
reported in the Gulf of Mexico is believed to be 35,000 - 45,000 individuals. The 
dolphins of Sarasota Bay, FL are very well characterized through regular annual health 
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assessments conducted by the Chicago Zoological Society capture and release dolphin 
health assessment program. These dolphins inhabit a year round home range, with 
differential use of habitats. During spring and summer, in particular, dolphins make 
extensive use of shallow bay and areas of sea grasses. Conversely, during autumn and 
winter activities are concentrated in passes, channels, and coastal waters of the Gulf of 
Mexico (Barros & Wells, 1998). 
Marine mammal disease study can be difficult to adequately assess. Studies on 
captive dolphins, for instance, are not entirely accurate in regards to disease progression 
of marine mammals in the wild. Studies on stranded dolphins, additionally, present 
similar disease origin and progression limitations. Continuous capture and release studies 
on wild dolphins, though, have the potential to elucidate the most accurate spatial and 
temporal characterization of a marine mammal health status. The benefits of capture and 
release studies coupled with the events and research consequences relating to the deep 
water horizon blowout led to our group focusing on Sarasota, FL as our primary free 
ranging dolphin sampling site. 
The Bottlenose Dolphin as an Ideal Subject of Study 
The last half-century has seen an emergence of novel disease agents and a 
reemergence of known infectious diseases. In the past two decades alone, 30 novel 
diseases infecting human populations were reported, while other diseases, resurged at a 
magnitude not seen in developed countries since the mid 1800’s (Bossart, 2007). Marine 
mammals are becoming increasingly susceptible to emerging and resurging terrestrial 
diseases. The bottlenose dolphin, specifically, demonstrates complex pathogenesis very 
closely related to and comparable to human pathogenicity. Studying emerging diseases in 
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the marine environment is not only beneficial in understanding the marine ecosystem and 
its constituents, but these studies are also directly applicable to human health, i.e., marine 
mammals are sentinel species. 
 
 
Figure 5. Extent of DWH oil spill coverage in nGOM. 
The deep water horizon blow out in the northern Gulf of Mexico released an estimated 4.9 million barrels or 205.8 million gallons of 
oil, spanning coastlines of Louisiana, Mississippi, Alabama and northwest Florida. This is the largest marine oil spill in US History. 
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CHAPTER II - A REVIEW OF VIRAL SPECIES REPORTED TO BE INFECTIOUS 
FOR TURSIOPS TRUNCATUS (BOTTLENOSE DOLPHIN) 
Abstract 
Viral particles constitute 106-109 per mL of oceanic waters. Viral infection in 
marine mammals, furthermore, is responsible for mass stranding events, unusual 
mortality events, chronic infection, clinically expressed disease, and unapparent/sustained 
infections. Virology studies on Tursiops truncatus (bottlenose dolphins), specifically, are 
of particular importance as the bottlenose dolphin is a sentinel species. To date, 
molecular techniques utilizing a specific primer approach have identified viral particles 
representative of 8 viral families in various bottlenose dolphin samples. The following 
review article examines the emergence of these viruses in bottlenose dolphins as it has 
been reported in peer-reviewed literature. This review paper, additionally, identifies viral 
persistence, route of transmission, overall effect, and potential treatments as it pertains to 
the water column and bottlenose dolphin. 
Keywords: bottlenose dolphin, marine mammals, mass stranding events, molecular, 
sentinel species, Tursiops truncatus, Viral Particles, Virus 
Introduction 
The purpose of this review is to discuss viruses that have been recovered from and 
reported as infectious to Tursiops truncatus (BND). Additionally, it will describe 
traditional and future research methods for each virus as it relates to T. truncatus. Strong 
emphasis, with respect to methods, will be placed on molecular techniques that are now 
being used. The advantages and subsequent shift to molecular techniques in disease 
diagnosis, etiology and pathology include: sensitive and specific molecular procedures, 
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rapid diagnosis, reproducibility, and downstream sequencing potential. The power of 
molecular research, additionally, is in revealing phylogenetic relationships and their 
implications on evolution and species relatedness (Reid et al., 1999). Some viruses, 
furthermore, cannot be isolated in cell culture; thus, molecular techniques are the only 
mode of diagnostic identification and taxonomic classification (Esperon, Fernandez, & 
Sanchez-Vizcaino, 2008). 
Virology and modes of classification are in a continuous state of remodeling and 
reorganization. Additionally, novel viruses are being identified at an unprecedented rate 
and many viruses are yet to be assigned to specific phylogenetic groups. Indeed, viruses 
are the most abundant and diverse form of life in the ocean (Suttle, Chan, & Cottrell, 
1991). On the most specific level within clades or genera are viral strains, some of which 
are recognized as distinct species (Green et al., 2000). When assigning viral epithets, this 
paper will abide by the most accepted forms of viral classification within the virus 
community: the Baltimore Scheme (Figure 6) and the International Committee on 
Taxonomy of Viruses (ICTV) (Figure 7). 
Viruses are important for their ability to influence, impact and shape host 
community composition, population and ecology. Local diversity of viral particles are 
beginning to be depicted as relatively high, while global diversity of viral particles is 
being depicted as relatively low between biomes (Sano, Carlson, Wegley, & Rohwer, 
2004). Viruses, additionally, are beginning to be characterized as less host-dependent 
than previously described and are displaying greater diversity in terms of infectious 
capability in differing environments and between species. 
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Viral adaptive success is often attributed to their high rates of reproduction and 
genome plasticity, particularly observed in reproduction events of exonuclease-lacking 
RNA viruses. Point or accumulated mutations lead to amino acid substitutions that may 
allow for an increase in viral host entry efficiency, blocking of detrimental host proteins, 
or promoting evasion of the host immune system. The capsid region has a tendency to be 
the most variable region amongst virus families (Bandin & Dopazo, 2011). Capsid region 
variability, furthermore, is likely attributable to selective survival pressures exerted on 
the viral particle by the host’s immune system. The pressure exerted via the host immune 
system, additionally, is likely a driving force in the emergence of mutations and, 
ultimately, the evolution of divergent species strains, viral persistence and an increase in 
overall virulence. This is a keen point of interest in virology for two reasons. Firstly, the 
hypervariability of the capsid genes in the genome is a major contributing factor for viral 
adaptive success. Secondly, when applicable, hypervariable regions often serve as target 
sequences in molecular studies for the purpose of strain identification or studies on viral 
phylogeny. 
Viral infections in the bottlenose dolphin (BND) are responsible for mass 
stranding events, unusual mortality events, chronic infection, clinically expressed disease, 
and unapparent/sustained infections. Virology of the BND is a developing field. Most 
molecular-based studies have implemented genus and or strain specific primers to 
identify virus presence in BND samples. To date, molecular techniques utilizing a 
specific primer approach have identified viruses representative of 8 viral families in BND 
samples. 
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 Order 
 Family 
 Subfamily 
 Genera 
 Species 
Research focused on virus exposure and pathology within BNDs holds inherent 
value as data gathered can be extrapolated and applied to oceans and human health. The 
BND is a sentinel species meaning that BND studies are indicative of ecosystem health as 
well as constituent health. Coastal dolphins, specifically, are at increased risk from 
industrial, agricultural, pesticidal, urban sewage waste and microbial pathogen exposure. 
As the field of virology continues to develop and progress, it is becoming increasingly 
evident that humans and the BND are susceptible to a number of the same viruses. 
Knowledge of the infectious characteristics of these viral particles, furthermore, can be 
insightful to viral etiology, dissemination, pathogenesis and transmissibility. The benefit 
of virus and BND research, additionally, has the power to stimulate future research 
involving ecosystem and individual disease diagnosis, disease treatment and preventative 
medicine. 
 
Figure 6. Baltimore scheme and ICTV scheme for viral classification. 
The Baltimore Scheme (left) mode of viral classification. is based on the starting genetic material encapsulated within the viral capsid 
and the route it takes to transcribe mRNA. The ICTV systematic classification (right) of viral particles based on phylogenetic 
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relatedness. The most current viral taxonomy release dated 2011 contains: 6 orders, 94 families, 22 subfamilies, 395 genera and 2480 
species. 
Viruses Infectious to the Bottlenose Dolphin 
Alpha and Gammaherpesvirus 
Herpesvirus target range includes both terrestrial and marine animals (Blanchard 
et al., 2001). Herpesvirus has been reported infectious in most vertebrates, including: 
birds, reptiles and mammals (Esperon, Fernandez, & Sanchez-Vizcaino, 2008). Although 
herpesviruses have been identified in the marine environment since the early 1970’s, few 
reports of herpes infection in marine mammals, and specifically cetaceans, exist 
(Blanchard et al., 2001; Greenwood, Harrison, & Whitting, 1974;). The emergence of 
herpesvirus in the BND, particularly, appears to be a relatively recent occurrence. 
Blanchard et al. (2001) were the first to isolate, characterize and identify 
herpesvirus in two stranded juvenile BNDs. Although herpesviral infections can cause 
death in the BND, herpesvirus has not been associated with mass stranding events or 
unusual mortality events; rather, herpesvirus are more often associated with unapparent 
systemic infections and manifested as localized lesions of the skin and mucosae 
(Blanchard et al., 2001; Smolarek-Benson et al., 2006). Since its emergence as a marine 
mammal pathogen in 1985, five alphaherpes viruses and three gammaherpes viruses have 
been reported in BNDs (Maness et al., 2011). Historically, most herpes positive 
infections in marine mammals have been identified by histological, gross pathologic, 
immunohistochemical and ultrasctructural or transmission electron microscopy methods; 
however, most recent studies have taken advantage of molecular diagnostic tools to 
identify the presence of herpesvirus (Blanchard et al., 2001; Esperon et al., 2008; Maness 
et al., 2011, Smolarek-Benson et al., 2006). 
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Molecular techniques capable of detecting herpesvirus infection have typically 
involved samples collected from the buffy coat, lesion scrapings (cutaneous, genital, oral, 
etc.), skin plugs, blood, spleen, lymph node, lung and heart  (Blanchard et al., 2001; 
Maness et al., 2011; Smolarek-Benson et al., 2006). The gene of interest in molecular 
studies is the highly conserved DNA-dependent DNA polymerase (DPOL) and, to a 
lesser extent, the terminase genes (Blanchard et al., 2001; Maness et al., 2011). The 
process in which herpesvirus are identified include standard DNA isolation, followed by 
previously published PCR protocols with the addition of specific DPOL primers and 
polymerases (Maness et al., 2011). 
Herpesviral particles are enveloped icosahedral viruses (T = 16, icosahedral 
capsid) and the Baltimore scheme distinguishes herpesviral particles as group I viruses 
based on its 120 to 230 kbp dsDNA genome (Davison et al., 2009; Esperon et al., 2008). 
Currently, T. truncatus infectious herpesviruses have been identified and taxonomically 
classified as belonging to order: Herpesvirales, family: Herpesviridae. Research has 
yielded 5 herpesvirus as belonging to subfamily Alphaherpesvirinae: DeHV-1,2,3,7 and 8 
(Blanchard et al., 2001; Maness et al., 2011; Manire et al., 2006; Smolarek-Benson et al., 
2006). Smolarek-Benson and his colleagues (2006) were the first to report the emergence 
2 novel herpesviruses belonging to subfamily Gammaherpesviruses DeHV-4 and 5, in 
BNDs. Examining herpesviral species closer, DeHV-1 and 7 have been distinguished as 
belonging to its own clade, while DeHV-2 has been distinguished as belonging to a 
separate clade; additionally, DeHV-3 and 8 belong to a separate third clade. None of the 
alphaviruses have yet been assigned to an established genus. DeHV- 4 and 5 form its own 
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monophyletic clade and are also not assigned to an established genus (Maness et al., 
2001). 
Cellular infection occurs as a result of the binding of the expressed viral protein 
hemagglutinin-neuraminidase (HN) to the cellular expressed sialic acid-containing 
cellular receptor (Morrison, 2001). The binding of these two proteins induces a fusion 
event between the herpesviral membrane and the cellular membrane. The herpesviral 
replication process occurs via the transport of the viral capsid to a nuclear pore, wherein 
the genetic material is released and transcription is initiated. Ultimately, enveloped 
herpesviral particles accumulate in the endoplasmic reticulum, mature in the Golgi 
apparatus and progeny herpesviral particles are released into the extracellular medium via 
exocytosis (Nishiyama, 1996). Herspesviral particles are documented, additionally, as 
having the ability to engage in a latent phase. Latency allows herpesviral particles to 
persist as an episome in the nuclei of infected cells, thus being induced and reactivated 
throughout the life of the infected dolphin in response to an unidentified chemical or 
physical cue (Nishiyama, 1996). Recent studies by Zhou and Roizman (2000) have 
revealed that apoptosis is responsible for release of herpesvirus from human cells and this 
natural cellular phenomenon needs to be examined in dolphins. 
Transmission of herpesviral particles between dolphins is thought to occur 
through a variety of pathways. Vertical transmission of herpesvirus, for instance, can 
occur between the pregnant female and its offspring (Van Elk, Van de Bildt, Jong, 
Osterhays, & Kuiken 2009). Transmission of herpesvirus is especially problematic to the 
developing fetus and/or neonate as they are not immunocompetent (Avgil & Ornoy, 
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2006).  Genital lesions associated with herpesvirus in the BND suggest transmission via 
sexual contact, as is the case for herpesvirus transmission in humans. 
A spatial component appears be involved in herpsesvirus evolution. Van Elk et al. 
(2009) reports, for instance, that TTHV recovered from a BND from the Florida Keys in 
the Smolarek-Benson et al. (2006) study, displayed 100% identity to herpes viral particles 
recovered from BND samples collected from the Gulf of Mexico and in Cuban Waters. 
Research also points to viral/host coevolution as a driving factor in marine herpesvirus 
and species specificity. Marine herpesviruses display a high fidelity in regards to species 
specificity and are coevolving with their hosts (Maness et al., 2011; Pellet & Roizman, 
2007; Smolarek-Benson et al., 2006).  The DPOL gene, furthermore, is highly conserved 
among viral polymerases and has emerged as a gene of interest in herpesviral studies. 
Thus, the DPOL gene serves as an ideal target sequence in herpesvirus identification and 
relatedness studies. Current and future research is geared towards gathering additional 
sequence data form the DPOL and other genes. 
In the interest of this review being comprehensive and thorough, it is relevant to 
mention the study conducted by Esperon and his group. Esperon et al., (2008) report that 
their retrospective study on collected and stored 2001 samples is the first case of herpes-
like identified infections in the BND. Whether or not this group is credited with 
identifying the first herpesviral particle in the BND, this particular study is further 
relevant in the fact that it did not identify a novel herpes virus; rather, the viral particle 
discovered shared a 98% homology with Human herpesvirus 1 (HSV-1) based on 
molecular identification of the conserved herpes polymerase gene (Esperon et al., 2008). 
This finding is particularly significant in two respects. Firstly, the finding of the HSV-
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like particle in the brain of a stranded BND may shed light on the etiological role of 
herpesvirus in stranding events. Secondly, the finding of a HSV-like particle in a BND 
supports the growing and increasing notion that these viruses are less specific than 
originally characterized. If the latter notion holds true, the transfer of viral particles 
between species, particularly between human and non-human species, is an area that 
should continue to gain attention in future research. 
Calicivirus 
The history of caliciviruses is unique because of its detailed origination. In 1932, 
the first forms of caliciviruses emerged in swine that contracted this viral illness from the 
consumption of raw sewage off the coast of Orange Country, CA. After its supposed 
eradication, caliciviral particles reemerged in pinniped species in 1972. It is now known 
that the marine environment acts as a reservoir for caliciviruses, which are able to emerge 
and causes disease in both marine and terrestrial species. The host range of this versatile 
and recalcitrant virus includes fish, avian and many mammalian species, including: 
cetaceans, pinnipeds and humans (Smith, Skilling, Cherry, Mead, & Matsons, 1998). 
Caliciviruses, additionally, have been depicted as zoonotic pathogens. To date, 
caliciviruses are the first marine stored and maintained viruses that have emergent and 
zoonotic capabilities to cause disease in humans. 
Smith, Skilling, and Ridgeway (1983) was the first group to identify calicivirus 
infection in BNDs from a tattoo pox lesion off the coast of San Diego. Several studies 
have since identified caliciviral infections as being the etiological agents in clinically 
expressed symptoms including: vesicles or lesions on the skin and mucosa, respiratory 
illness, reproductive issues, encephalitis, myocarditis and hemorrhagic illness (Smith et 
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al., 1998; Smith & Boyt, 1990). Caliciviruses, though, have not been identified as a 
causative agent of dolphin stranding events. In fact, no study conducted on tissue 
collected from any stranded BND has reported calicivirus recovery. 
Caliciviral particles are non-enveloped, 90-capsomer icosahedrans. According to 
the Baltimore Scheme, calciviral particles have been distinguished as a class IV virus 
based on their 7.5-8 kb positive sense ssRNA genome (Reid et al., 1999). The ICTV 
classifies caliciviruses as belonging to family: Caliciviradae, but Tursiops truncatus 
infectious caliciviruses have yet to be assigned to an order genus or species. Based on the 
infectious capability of Tursiops truncatus, research groups refer to these viral particles 
as Cetacean Calicivirus-1 (CCV TUR-1). Until CCV TUR-1 is officially assigned to its 
appropriate clade, these viral particles are often referred to and associated with the 
growing marine calicivirus group. Caliciviral particles are traditionally identified via viral 
neutralization, western blots, ELISA, immunoelectron microscopy, electron microscopy, 
indirect immunofluorescence, radioimmune precipitation and molecular techniques (Reid 
et al., 1999). 
Molecular studies of calicivirus typically target the capsid gene. The Hel1/Hel2 
and 1F/1R primer sets, for instance, have been identified as amplifying separate segments 
of the calicivirus capsid region. Hel1/Hel2 begins on bp 2402 and 3734, respectively, or 
amplify a 357 bp product of the 2C-like region of the genome. Whereas, 1F and 1R begin 
on 5643 and 6391, respectively, and amplify a 768-bp product of the well conserved 
capsid coding region among caliciviral particles. Reid and colleagues (1999) tested the 
efficacy of the previously established Hel1 and Hel2 and 1F and 1R primer sets in an 
effort to elucidate a molecular approach in calicivirus identification. The findings of Reid 
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et al. (1999) revealed that these primers did not demonstrate any cross reaction with any 
other vesicular disease viruses; however, the primers tested are also not species-specific 
within marine caliciviruses. 
Caliciviral particles have demonstrated persistent maintenance outside of a host. 
Additionally, oceans are reservoirs of calicivirus. Calicivirus slow rate of decay is 
reported at 105 TCID50 to 10
2 TCID50 per ml drops over a 14 day period at 15°C. Further 
studies have reported caliciviruses as persisting, re-isolated and viable after 14 days and 
60 days in 15°C seawater and 10°C sterile seawater, respectively (Smith, Skilling, Prato, 
& Bray, 1981). The highly persistent nature of calicivirus convolutes the understanding 
of calicivirus transmissibility and is atypical for non-enveloped viruses. 
Studies relating to transmission via consumption have been explored. It has been 
proposed that caliciviral particles are maintained, replicated and concentrated within 
various species of fish; thus, consumption or the oral route has been identified as a mode 
of transmission for animals higher on the trophic spectrum (Smith et al., 1998). As 
reported by Smith and colleagues (1980), when administered orally, calicivirus persists 
for at least 31 days in Girella nigricans, post exposure. Similarly, intraperitoneal 
injection studies in G. nigricans, identified the recovery of caliciviral particles at 14 to 28 
days post exposure, in various tissues and organs; the most consistent and highest 
concentration of caliciviral particles are recovered from the spleen. It is important to note 
that Smith et al. (1981) did not observe clinically apparent disease in the exposed fish. 
The transmissibility potential and survivability of caliciviral particles is great. 
Caliciviral particles, additionally, readily transfer between marine and terrestrial 
environments, are transmissible via land, sea and air media, can replicate between 15°C 
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and 39°C, and can be lytic or lysogenic (Smith et al., 1981, 1998). The successful 
adaptive radiation of caliciviral particles is largely attributable to its highly adaptive 
characteristics and its RNA genome, which is prone to mutation via replication. Thus, 
caliciviruses are able to amplify in extremely high numbers with variants occurring in 
every replicative cycle within an infected host. 
One important finding was the recovery of San Miguel Sea lion Virus-9 from a 
BND sample. The infectious capability of SMSV-9 in T. truncatus reinforces the high 
adaptability, transmissibility and infectivity of caliciviral particles between species. Of 
particular interest is terrestrial to marine transmission or adaptability and the zoonotic 
capability of certain caliciviruses, which is a relatively rare feat in the virological sphere. 
In fact, over 40 different serotypes of marine vesiviruses, which infect both marine and 
terrestrial animals, have been described (Smith & Boyt, 1990). The host range of 
caliciviral particles continues to be largely undefined. 
Caliciviral lysogeny capability, coupled with a large and diverse host range, the 
ability to transfer between biomes and species, intermediate hosts and the ability to 
persist in a wide range of environmental conditions is responsible for the amplification 
and maintenance of a high number of calicivirus variants. High persistency, high 
transmissibility, ease of transfer between biomes and zoonotic potential establish 
caliciviruses as unique and highly successful. Future research involving caliciviral 
particles will continue to include diagnostics, epidemiologic studies and treatment 
studies. Calicivirus infected dolphins may serve as ideal candidates to understand 
caliciviral characteristics and their infectious properties as it relates to humans. 
Bottlenose Dolhin Enterovirus (BDEV) 
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To date, the first and only report of an enterovirus infection in a BND was 
reported by Nollens and colleagues (2008). The enterovirus was recovered from an 
erosive tongue lesion in an asymptomatic dolphin. This finding prompted a larger 
investigation of enteroviral infection study in serum samples from free ranging healthy 
dolphins, free ranging stranded dolphins, two separately managed captive dolphin groups, 
and managed dolphins contained within coastal pens. Microscopy, immunohistochemical 
and molecular techniques were implemented in this particular study. Nollens et al. (2008) 
reported cytopathic effects in the form of lysis, plaque formation and viral particle 
observation. 
The recent discovery and novelty of enteroviral infections in BNDs translates into 
many unknowns in regards to the characterization of enteroviral particles ability to infect 
dolphins, their dissemination and disease causing characteristics. Based on its ssRNA 
positive sense 7,500 base genome the Baltimore scheme identifies enteroviruses as a 
group IV virus. Additionally, the enterovirus recovered from a BND has been tentatively 
identified as BND enterovirus (BDEV) and taxonomically classified as being a part of the 
lineage, Order: Picnornavirales, Family: Picnornaviridae, Genus: Enterovirus. BDEV 
belongs to a growing group of recognized but unclassified Enteroviruses.  BDEV, 
furthermore, has been identified as belonging to its own species based molecular 
techniques employed on the polyprotein gene. 
Recovery of BDEV provides several implications. BDEV, similar to other 
enteroviruses, may display high reproduction rates, wide abundance, and well 
maintained. BDEV also appears to persist in its host at a subclinical state. Additionally, a 
close relationship to bovine parainfluenza virus 3 is indicative of BDEV having a bovine 
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origin, and a recent terrestrial to marine enterovirus transition. Based on a 95% identical 
amino acid sequence in the VP1 region of bovine parainfluenza virus, BDEV may 
eventually be classified as a strain of Bovine enterovirus. Viral abundance, though, 
coupled with the inherent properties associated with being a small RNA virus may reveal 
many distinct dolphin enterovirus strains in future studies. 
Papillomavirus – Tursiops Truncates Papillomavirus (TtPV) 
Rehtanz et al. (2006) published the first finding of a papillomavirus isolated from 
a BND. Based on its non-enveloped single circular dsDNA ~ 8000bp genome, 
papillomaviruses are categorized within the Baltimore scheme as class I viruses 
(Gottschling et al., 2011). Currently seven BND papillomaviruses have been identified, 
they include: TtPV1, TtPV2, TtPV3, TtPV4, TtPV5, TtPV6 and TtPV7 (Robles-Sikisaka 
et al., 2012). 
The survivability of papillomaviruses is a point of interest.  According to the 
study published by Rehtanz et al. (2010) TtPV virus like particles in ELISA testing 
revealed that TtPV prevalence and maintenance occurs at 38-94% in the captive and wild 
monitored dolphin populations. Survivability, emergence of papillomavirus strains and 
transmission will continue to gain attention in future papillomavirus studies. 
Studies on papillomaviruses are of particular interest in the scientific community 
for several reasons. Papillomaviruses, for instance, are amongst the most rapidly 
diverging and evolving viral particles. Rapid evolution of papillomaviruses has been 
attributed to several mechanisms, including: host linked co-divergence, interspecies 
specific transmission, adaptive radiation, recombination and positive selection 
(Gottschling et al., 2011; Robles-Sikisaka et al., 2012). TTPV strains, additionally, have 
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been isolated from BND oral and genital tumors (Rehtanz et al., 2006). Pathologic 
evidence, specifically, identifies TtPV1-6, as being associated with genital tumors 
(Bossart, 2007; Rehtanz et al., 2012). Viral presence and impact on marine species is 
garnering and gaining the attention of the scientific community as a response to the 
increase in marine mammal neoplasia, particularly relating to orogenital papillomas 
(Rehtanz et al., 2012). 
Poxvirus 
Poxviruses have been reported in a variety of terrestrial and marine species (Flom 
& Houk, 1979; Geraci, Hicks, & Aubin, 1979). In 1979, two independent studies were 
among the first to characterize poxvirus particles as being present in lesions on a BND. 
Histological and microscopic techniques, specifically, were used to identify poxviral 
particles from swab lesions collected from free ranging and captive dolphins (Flom & 
Houk 1979; Geraci et al., 1979). Sample collection pertaining to poxviral studies are 
typically swabs and/or skin plugs of pox lesions located on the dorsal body surface, 
pectoral flipper, dorsal fin and fluke dolphin epidermis. Poxviral research continues to be 
mostly studied via histological, microscopic and photo identification. Despite several 
decades worth of documentation and studies on poxviruses, relatively little molecular 
studies have been conducted on marine poxviruses. Thus, based on studies involving 
terrestrial poxvirus the genome length of marine poxviruses can be estimated as being 
between 130-360kb. Based on its dsDNA genome, additionally, the Baltimore Scheme 
designates poxviruses as a group I virus. The ICTV, furthermore, classifies the poxvirus 
as belonging to family: poxviridae, subfamily: Chordopoxvirinae (Fury & Reif, 2012). 
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The disease associated with poxviral infections is often referred to as dolphin pox. 
Dolphin pox outbreaks are reoccurring and are capable of causing temporary or 
permanent scaring. Typically, pox lesions are oval in shape, 1 mm to 15 cm long and 
observed on the head of dolphins, but can be visible on the body as well (Flom & Houk, 
1979; Harzen & Brunnick, 1997) (Figure 14). The high turnover rate of dolphin epithelial 
cells often results in the healing of superficial and deep wounds in 48 hours and 7 days, 
respectively (Flom & Houk, 1979; Harzen & Brunnick, 1997). Lesions have, though, 
been reported as consistent and observed for periods exceeding 6 years (Harzen & 
Brunnick, 1997). Longevity of lesion presence is indicative and supportive of the notion 
that the lesion causing viral particles are non-fatal in nature and have no impact on long-
term survival. 
Epidemiology and transmission of poxvirus are largely unknown. It has been 
reported, though, that poxvirus is nearly nonexistent in neonatals, most likely attributed 
to a vertical transmission of protective immunity passed from mother to offspring. 
Juveniles, therefore, are the first cohort of BNDs to express poxvirus outbreak, likely as a 
result of the depletion of passive transmitted antibodies (Van Bressem et al., 1999). 
Horizontal transfer of poxvirus, additionally, is also not a common mode of poxviral 
transmission (Flom & Houk, 1979). 
Poxviral particles are likely opportunistic pathogens because pox lesions occur 
during stressful conditions, including: poor water quality, fluctuating water temperatures 
or overcrowding in tanks. Ultraviolet beta radiation is another potential stressor or 
immune response suppressor as pox lesions appear exclusively on dorsal surfaces 
(Harzen & Brunnick, 1997). Some studies have suggested a correlation between poxvirus 
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outbreaks and anthropogenic contaminant and pollution exposure. Pox lesions, for 
instance, have been associated with BNDs exposed to high levels of immunosuppressive 
polychlorinated biphenyls (Hart, Rotstein, Wells, Allen, & Barleycorn, 2012).  The 
observation of poxviral lesions in dolphins exposed to flood events, additionally, has led 
to the working hypothesis that prolonged fresh water exposure may be another stressor 
that can contribute to poxviral infectious progression (Fury & Reif, 2012). Dolphin pox, 
thusly, is a beneficial indicator of health, habitat degradation, toxin presence, 
immunosuppressive pollutant presence and stress levels of captive and free ranging 
dolphins. 
Most bacterial skin diseases in marine mammals are secondary following primary 
viral parasitic or traumatic insults (Harzen & Brunnick, 1997). Therefore, poxviral 
outbreaks are natural indicators of the presence of other damaging environmental 
toxicants or pollutants. Future studies involving poxvirus and the BND have intrinsic 
value as poxviral outbreaks are indicative of habitat and individual health. Studies 
involving systematic dissemination of poxviral particles following outbreak have largely 
not been explored. Future poxviral studies should also be directed towards the cause of 
poxviral virulence and long-term survival of poxvirus particles.  
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Tursiops Truncates Parainfluenza Virus (TtPIV) 
Parainfluenza viral particles are synonymous with respiratory illness in terrestrial 
animals. Venn-Watson et al. (2008) was the first group to recover a parainfluenza virus 
from an Atlantic BND experiencing respiratory illness. The ICTV has distinguished 
Parainfluenza virus as belonging to order: Mononegavirales; family: Paramyxoviridae; 
subfamily: Paramyxocirina and is tentatively identified as Tursiops truncatus parainflenza 
virus (TtPIV-1). Genomic sequence relatedness of the F and L genes reveal that TtPIV-1 
is likely a member of genus Respirovirus (Nollens et al., 2008). The Baltimore scheme 
further designates TTPIV-1 as a group V virus based on its negative sense 15,100 – 
15,600bp ssRNA genome. Phylogenetic studies, additionally, identify TtPIV-1 as 
monophyletic but genetically distinct from bovine parainfluenza virus 3 and that the 
divergence may be a recent evolutionary occurrence (Nollens et al., 2008; Venn-Watson, 
Smith, & Jensen, 2008;). 
The TtPIV-1 finding by Venn Watson and colleagues in 2008 prompted a 
retroactive study of parainfluenza viral particles in stored serum samples. Venn-Watson 
et al. (2008) implemented a dolphin specific ELISA allowing for the detection of PIV 
antibodies. Although TtPIV-1 has been recovered from dolphins expressing respiratory 
illness, the novelty of TtPIV-1 does not yet allow conclusions to be drawn in regards to 
the clinical significance of TtPIV-1 (Nollens et al., 2008). Rather, TtPIV-1 studies are 
geared towards establishing reference values, including: cut off values, PIV seropositive, 
seronegative and inconclusive distinguishing values.  
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Dolphin Morbillivirus (DMV) 
The International Committee on the Taxonomy of Viruses has classified Dolphin 
Morbillivirus (DMV) as a member of family: Paramyxoviridae; subfamily: 
Paramyxovirinae; genus: Morbillivirus. The Baltimore Scheme has distinguished DMV 
as a class V virus, based on DMV’s characteristic linear, negative sense, single stranded 
RNA genome. DMV is composed of 15,702 nucleotides in length, and encodes 6 genes 
(Rima, Collin, & Earle, 2005). The 6 structural proteins encoded by DMV’s genome 
include: the nucleocapsid protein (N), the phosphoprotein (P), matrix protein (M), fusion 
protein (F), haemagglutinin protein (H) and the RNA-dependent RNA polymerase RNA 
polymerase (L). The H and F proteins are regarded as two integral surface glycoproteins 
(Blixenkrone-Moller et al., 1996). The M protein, additionally forms the inner layer of 
morbilliviruses’ envelope (Blixenkrone-Moller et al., 1996). The N protein, furthermore, 
encapsulates viral RNA, providing protection from cellular RNases as well as facilitating 
in viral transcription and replication (Banyard Grant, Romero, & Barrett, 2008). The N 
protein is involved in virion and cellular interactions. The variable C terminus of the N 
protein, in particular, is likely responsible for the emergence and success of morbilliviral 
evolution and adaptive radiance with novel cell surface receptors. The sites for DMV 
introduction replication and initial systemic dissemination in the pathogenesis of 
morbillivirus infection in dolphins, however, are unknown. 
Morbillivirus infection leads to symptomatic histologic lesions, including: 
bronchointerstitial pneumonia, nonsuppurative encephalitis, lymphoid depletion and 
lymphocytolysis, and 3 to 8 mm diameter eosinophilic intracytoplasmic and intranuclear 
inclusions in lung lymphoid and central nervous system tissues (Kennedy, 1998). DMV 
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exposure in immunologically naïve dolphin populations leads to central nervous system 
disease which affects swimming, diving and navigation abilities, ultimately leading to 
stranding events and potentially unusual mortality events (Grant et al., 2009; Munn, 
2006). In 1987 and 1988, the first reported and confirmed DMV epizootic led to the 
stranding and subsequent death of approximately 2,500 BNDs along the Atlantic Coast of 
the United States (Bossart et al., 2010; Saliki & Lehenbauer, 2001). The 1987-1988 
DMV outbreak resulted in a 10-fold increase in average annual mortality rates and a loss 
of 50% of inshore BND populations (Bossart et al., 2010; Lipscomb et al., 1996). 
Reverse transcription polymerase chain reaction (RT-PCR) testing, antigen presence as 
well as the identification of characteristic morbillivirus lesions confirmed the first 
outbreak of DMV in BNDs in the Gulf of Mexico in 1993 to 1994 (Bossart et al., 2010, 
Lipscomb et al., 1996). Neutralizing antibody tests have identified that morbillivirus 
infections have occurred in 12 cetacean species in the Western Atlantic (Bossart et al., 
2010). 
Duignan et al. (1995) have proposed three possible explanations for the 
maintenance of morbillivirus transmission in the marine environment. Firstly, there may 
be sufficient viral replication in some species to elicit neutralizing antibody response, but 
not enough viruses shedding to transmit the disease. Secondly, species that congregate in 
small numbers may have limited opportunities to spread morbillivirus to other susceptible 
hosts; thus transmission may occur with interspecies contact. Thirdly, population sizes of 
marine species may be too small to maintain infection; therefore transmission may be 
accomplished again through interspecies contact. Black (1991) has proposed a more 
specific mode of DMV transmission, via the inhalation of aerosolized virus, shed by 
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infected individuals. Although to date none of these hypothesis have been tested or 
proven, they all recognize that the transmission of DMV to immunologically naïve 
dolphins is likely facilitated by the naturally gregarious behavior of the BND. 
Dolphin morbillivirus tends to garnish most attention in respect to viral 
pathogenesis and the BND based on its documented mass stranding event and unusual 
mortality event capabilities. DMV, additionally, has been extensively documented as 
being highly immunosuppressive and leading to opportunistic infections. Thus, studies 
focusing on virus infection and the BND typically incorporate DMV presence 
components. The high impact of DMV on dolphin populations commands a high level of 
importance and attention focused to DMV research. Future DMV studies should focus on 
the maintenance and potential tracking and forecast of DMV outbreaks. 
Conclusions 
Viruses are the most abundant biological entity on the planet. In the marine 
environment, for instance, it is estimated that viral particles constitute 106 to 109 per mL 
of coastal and oligotrophic oceanic waters; in marine sediment viral particles are 
estimated to constitute upwards of 109 to 1010 per cubic centimeter (Breitbart & Rohwer, 
2005; Hewson & Fuhrman, 2003, 2008; Suttle et al., 1991). Dolphins, furthermore, have 
been recognized as useful marine ecosystem sentinels. Thus, observed and studied 
pathogenesis in the BND is indicative of changes in marine and terrestrial viral 
pathogenicity. Viral studies and the BND, additionally, are inherently insightful on an 
organismal level and the overall health the ecosystem. 
Ultimately the expressed pathogenicity of a virus is highly influenced by the host 
and the virus strain. Compounding factors often associated with viral pathogenicity 
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include pollutants (i.e., heavy metals, organochlorines, etc.) stressful environmental 
factors (i.e., poor water quality, fluctuating temperatures and salinity, eutrophication, 
etc.) and other biological or biologically produced pathogenic factors (i.e., pathogenic 
bacteria and harmful algal bloom toxins). In situ, one or a combination of the above 
factors can lead to viral susceptibility, viral pathogenesis, or the lysogenic to lytic 
conversion of viral particles within a host. The overlap of terrestrial and marine viral 
particles, in respect to zoonosis, biome transfer, and high environmental persistency and 
transmissibility establishes the BND as a valuable sentinel species. 
Viruses are responsible for 15-20% of the total cancer burden in humans 
(McLaughlin-Drubin & Munger, 2008). Thus, virology is a highly dynamic and 
developing field that continues to gain importance. Molecular techniques, specifically, 
continue to facilitate rapid, reproducible and efficient virological research. As a sentinel 
species, furthermore, research on the BND and viruses continues to provide insight on 
viral pathogenesis, viral diagnostics, and viral treatment that can be extrapolated and 
applied to marine and terrestrial systems. 
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CHAPTER III  - A VIROMIC STUDY ON SERUM COLLECTED FROM WILD 
TURSIOPS TRUNCATUS (BOTTLENOSE DOLPHIN) 
Abstract 
Viral particles constitute 106 to 109 per mL of oceanic waters. Viral infections in 
marine mammals, furthermore, are responsible for mass stranding events, unusual 
mortality events, chronic infection, clinically expressed disease, and inapparent/sustained 
infections. Virology studies on Tursiops truncatus (bottlenose dolphins), specifically, are 
of particular importance as the bottlenose dolphin is a sentinel species. To date, 
molecular techniques utilizing a specific primer approach have identified viruses 
representative of 8 viral families in bottlenose dolphin samples. We have implemented a 
random primer approach, followed by genomic and protein analysis of purified viral 
RNA and DNA from bottlenose dolphin serum samples. This study reports a total 8 
families, 13 genera, and 68 viral species were recovered from bottlenose dolphin serum. 
Introduction 
Viruses are an abundant and integral component of the earth’s biosphere and are 
major contributors to disease, genetic transfer, and environmental microbial community 
composition (Breitbar & Rohwer, 2005). In the marine environment it is estimated that 
viral particles constitute 106 to 109 per ml of coastal and oligotrophic oceanic waters, 
while in marine sediment viral particles are estimated to constitute upwards of 109 to 1010 
per cubic centimeter (Hewson & Fuhrman 2008; Suttle et al., 1991; Wilcox & Fuhrman, 
1994). From an organismal or microbiomic perspective additionally, viruses are the most 
abundant and diverse entities and contribute thousands of unique species to the 
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microbiome landscape and play a major role in systematic health (Popgeorgiev et al., 
2013; Reid & Greene, 2013). 
Virus characterization is shifting to the idea that global viral diversity is relatively 
low as viruses continue to move between biomes (Sano et al., 2004). Changing climate 
conditions and virus genetic drift and shift potential are largely responsible for the 
expansion of viral niche and infectious host range (Chen et al., 2013). Viral plasticity, has 
given rise to the emergence of novel viruses, the reemergence of previously reported 
viruses and a raising concern for zoonotic pathogenesis potential (Wells et al., 2004). 
As sentinel species, marine mammals provide insight on the health of the marine 
ecosystem and its constituents via their high site fidelity, their long life spans and their 
status as apex predators (Buck, Wells, Rhinehart, & Hansen, 2006). Tursiops truncatus 
(bottlenose dolphin), in particular, demonstrates complex pathogenesis very closely 
related to and comparable to human pathogenicity; much overlap exists, for instance, 
among emerging diseases and immunologic and genetic factors with humans and marine 
mammals, particularly those sharing coastal environments (Bossart 2007). 
Virus infection in the bottlenose dolphin is well documented as having large 
implications on overall bottlenose dolphin health. Viral infection in the bottlenose 
dolphin, for instance, is responsible for greater than 25% of known causes of bottlenose 
dolphin stranding events (NOAA, 2013a). Viral studies in the bottlenose dolphin, 
additionally, allow research scientists to track the movement of viruses between biomes, 
better understand microbial mechanisms of evolution and relatedness and forecast 
potential of transmission and outbreak events. Data gathered in virology studies on the 
bottlenose dolphin, furthermore, are applicable to the growing scientific and 
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socioeconomic interest in oceans and human health and the growing campaign of one 
health. Thus, the immediate goal of this viromic study was to identify viruses as 
infectious to the bottlenose dolphin, while the long-term and ongoing goal is to contribute 
to a bottlenose dolphin virome library. 
Materials and Methods 
Dolphin Capture and Release 
Serum samples were acquired from free ranging bottlenose dolphins as a part of 
the Chicago Zoological Society capture and release dolphin health assessment program 
held from May 6-10, 2013 off the coast of Sarasota, Florida (Figure 8). Dolphins were 
encircled with a seine net in shallow waters, and brought onboard a specially designed 
veterinary examination vessel. Trained handlers and marine mammal veterinarians 
worked together to collect samples (Figure 9). Veterinarians recorded quantitative and 
qualitative data, including: age, weight, length, sex, pregnancy status, and observable 
disease status (Table 1). Adult females of reproductive age were administered an 
ultrasound examination to determine pregnancy status. Capture, sample collection and 
release of wild dolphins were conducted in accordance with the guidelines outlined under 
the National Marine Fisheries Service Scientific Research Permit Number 15543. 
For this study, 3-5 mL of blood was collected from the ventral fluke vasculature 
using a 20 gauge, ¾-inch butterfly catheter.  Blood was collected in 10mL Vacutainer 
clot activator and serum separator tubes. Collected samples were centrifuged for 10 
minutes at 1300g (3000 RPM) within 2 hours of collection. Serum was stored in 
cryovials and shipped overnight on dry ice to The University of Southern Mississippi – 
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Gulf Coast Research Laboratory (Ocean Springs, MS). In total, 15 serum samples from 
15 individual dolphins were collected and examined. 
 
Figure 7. Long-term resident bottlenose dolphins of Sarasota Bay, Florida and bottlenose 
dolphins being released following health assessment. 
These free ranging dolphins (left image) include three generations and the oldest known resident, at 62 years of age (far left). This 
particular animal (right image) was a stranded, rehabilitated, and released; 2 years post release the Sarasota Bay resident dolphin is 
receiving a 2 year check up and health assessment.  
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Table 1  
Preliminary Quantitative and qualitative data collected on 2013 capture and release bottlenose dolphins 
Sample 
ID 
Sample 
Collection 
Date/time 
Collection 
Location 
Sample 
Type Name Sex Age Length (cm) 
Weight 
(kg) 
Additional 
Information 
Received 
Date 
Volume 
Received 
(ml) 
33 
5/10/2013 / 
11:50 AM SE of Cortez Serum Saida Beth F 31 246 na 
Pregnant - late 
3rd trimester  5/11/13 2.5 
90 
5/7/2013 / 
8:10 AM 
Buttonwood 
Harbor Serum Killer F 43 259 198   5/8/13 1.9 
128 
5/8/2013 / 
9:10 
Palma Sola 
Bay Serum Thorn M 21 257 212    5/9/13 1 
137 
5/9/2013 / 
13:18 
Mouth of 
Palma Sola 
Bay Serum Allison F 13 252 na 
Pregnant - 
early 3rd 
trimester  5/10/13 2.85 
138 
5/7/2013 / 
8:10 
Buttonwood 
Harbor Serum F138 M 21 274 275    5/8/13 3.5 
187 
5/8/2013 / 
9:10 
Palma Sola 
Bay Serum Petal F 10 242 160    5/9/13 2 
205 
5/7/2013 / 
13:42 Cortez Serum F205 F 7 226 116 Skin lesions  5/8/13 2 
221 
5/6/2013 / 
12:51 Roberts Bay Serum Nellie F 4 223 136    5/7/13 2.5 
229 
5/8/2013 / 
12:38 
SE of Anna 
Maria Bridge Serum C547 F 5 214 99    5/9/13 2.5 
235 
5/9/2013 / 
13:18 
Mouth of 
Palma Sola 
Bay Serum 1372 F 3 213 89 
Widespread 
pox lesions 5/10/13 1.5 
250 
5/9/2013 / 
10:09 
Palma Sola 
Bay Serum C113 M 8 230 151    5/10/13 2.5 
252 
5/6/2013 / 
8:50AM 
Little Sarasota 
Bay Serum Speck M 7 238 145    5/7/13 2.5 
270 
5/7/2013 / 
8:10 AM 
Buttonwood 
Harbor Serum F270 M 4 201 112    5/8/13 2.9 
280 
5/9/2013 / 
10:09 AM 
Palma Sola 
Bay Serum 1871 M 3 214 121    5/10/13 2.5 
282 
5/10/2013 / 
11:50 AM SE of Cortez Serum Josh, C339 M 5 231 141   5/11/13 4.2 
Trained onsite veterinarians collected and recorded quantitative and qualitative data on bottlenose dolphins sampled from the 2013 capture and release event off the coast of Sarasota, Florida. 
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Viral Isolation and Random Viral Nucleic Acid Amplification 
Bacteria were removed from samples via a 0.2-µm pore size centrifugal 
purification column (Millipore centrifugal filters – UFC30GV0S). The flow through 
product was then treated with a benzonase (Sigma – E1014-5KU), DNase I (New 
England Bio Labs – M0303S), and an RNase (Ambion – AM2286) nuclease cocktail to 
degrade extracellular RNA/DNA that may have passed through column purification. 
A proteinase K treatment step immediately followed by a 
phenol:chloroform:isoamyl alcohol step was implemented for viral DNA purification. A 
Trizol LS treatment was implemented for viral RNA purification. Efficiency and purity 
of nucleic acid extractions were confirmed and measured via Nanodrop. 
Purified nucleic acid was subjected to a 16S PCR with universal (8F/1492R) 
primers via the following cycler conditions: 94C for 2 minutes; 35 cycles of 94C for 30 
seconds, 55C for 30 seconds, 72C for 2 minutes; 72C for 7 minutes; and an infinite 4C 
hold. 16S PCR amplicon products were run on a 1.2% agarose gel at 80V for 1 hour 
(Figure 10). An absence of amplicon banding at ~1500 bp confirms the nucleic acid 
recovered was viral nucleic acid. 
RNA had to be reverse transcribed via RT-PCR. The Superscript III reverse 
transcriptase (Invitrogen – 18080-093) protocol using random primers (Invitrogen – 
48190-011) was followed to reverse transcribe purified viral RNA. cDNA and DNA 
samples were then randomly amplified via the Illustra GenomiPhi V2 DNA 
Amplification Kit (GE Healthcare – 25-6600-30)  protocol. Randomly generated 
amplicons were run on a 1.2% agarose gel for 1.5 hours at 80V (Figure 11). 
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Figure 8. 16s PCR bacterial removal check gel. 
The check gel confirms bacteria were successfully removed in filtration process and nucleic acid extracted and purified is viral. 
Numbers at the bottom of the gel correspond to individual bottlenose dolphin samples.  
 
Figure 9. Multiple displacement amplification (MDA) via Illustra GenomiPhi. 
MDA results in high fidelity random amplification using heat stable ɸ29 DNA polymerase. 
Sequencing Preparation, Sequencing and Library Reconstruction 
Amplicons were fragmented, tagged and barcoded via the NexteraXT kit 
(Illumina – FC-131-1024). Samples were then multiplexed, loaded and sequenced on the 
Illumina MiSeq using the 2x300bp platform. 
Sequences were assembled using the CLC assembler and open reading frames 
(ORFs) were determined using FragGeneScan. Integrity of Predicted ORFs were filtered 
using ribopicker, a system capable of detecting spurious ORFs or translations of 
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ribosomal RNA. Less than 3% of the ORFs were rejected as being spurious. Remaining 
ORFs were BLASTed against PhyloDB – an established database of proteins from 
complete genomes, including viral genomes - and used as input to an Automated 
Phlyogenetic Interference System (APIS). The APIS utilizes BLAST output to constructs 
full length multiple sequence alignments and generates a phylogenetic tree to classify 
each query peptide. The peptides are then classified at the kingdom, phylum, class, order, 
family, genus, and species level (Figure 12). The APIS also makes a prediction of 
function based on the relatives in the tree. 
Results 
Blasted ORFs, yielded 8 families, 13 genera and 68 viral species.  The range of 
viruses observed including bacterial and eukaryotic ssDNA, dsDNA, ssRNA and dsRNA 
viruses. 
Bacterial Viruses Recovered 
In total, 41 bacteriophages were recovered from the 15 bottlenose dolphin serum 
samples (Table 2). 
Eukaryotic Viruses Recovered 
In total 27 eukaryotic viruses were recovered from 15 bottlenose dolphin serum 
samples. 67% (18/27) viruses were group II, ssDNA viruses. 7% (2/27) of viruses were 
group I, dsDNA viruses. 4% (1/27) of viruses were group III, dsRNA viruses. 22% (6/27) 
viruses were group IV/V, ssRNA viruses (Table 2). 
Of the eukaryotic infecting viruses, none have been recovered in previous 
bottlenose dolphin studies; 1 out of the 27 eukaryotic viruses (Cafeteria roenbergensis 
virus BV-PW1) had an invertebrate (zooplankton) host range. The remaining 26 
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eukaryotic viruses had a vertebrate host range. Of the 26 vertebrate viruses, 2 (Influenza 
B virus and Torque teno zalophus virus 1) have previously been identified in marine 
mammals, while the remaining 24 viruses have only been recovered and associated as 
terrestrial viruses. A number of the 24 vertebrate terrestrial viruses are known zoonotic 
and suspected human pathogens (Table 2). 
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Table 2  
Bacteriophages, eukaryotic viruses and human viruses recovered in bottlenose dolphin 
viromic study. 
Bacteriophages Recovered Eukaryotic Viruses Recovered Zoonotic Viruses Recovered 
Enterobacteria phage M13 Norwalk virus Norwalk virus 
Bacillus phage phi29 Mason-Pfizer monkey virus Torque teno zalophus virus 1 
Pseudomonas phage F10 Torque teno zalophus virus 1 Acanthamoeba polyphaga mimivirus 
Staphylococcus phage SAP-2 Acanthamoeba polyphaga mimivirus Torque teno canis virus 
Staphylococcus phage 66 Torque teno canis virus Torque teno virus 25 
Rhodothermus phage RM378 Murine norovirus 1 Torque teno sus virus 1b 
Staphylococcus phage 44AHJD Torque teno virus 25 Rotavirus A 
Staphylococcus phage 2638A Torque teno sus virus 1b Influenza B virus 
Staphylococcus aureus phage P68 Rotavirus A Torque teno felis virus 
Pseudomonas phage DMS3 Influenza B virus Marseillevirus 
Pseudomonas phage MP22 Torque teno felis virus Torque teno virus 28 
Saccharopolyspora erythraea prophage 
pSE211 Cafeteria roenbergensis virus BV-PW1 Torque teno mini virus 2 
Mouse mammary tumor virus Marseillevirus Torque teno virus 2 
Vibrio phage KVP40 Reticuloendotheliosis virus Squirrel monkey retrovirus 
Pseudomonas phage B3 Enzootic nasal tumour virus of goats Torque teno virus 7 
Lactococcus phage KSY1 Torque teno virus 28 Torque teno douroucouli virus 
Pseudomonas phage phiCTX Squirrel monkey retrovirus Torque teno virus 8 
Mycobacterium phage Omega Torque teno mini virus 2 Torque teno mini virus 8 
Sodalis phage SO-1 Torque teno virus 2 Torque teno virus 10 
Lactococcus phage P087 Human Immunodeficiency Virus-1  Torque teno virus 12 
Synechococcus phage S-RSM4 Torque teno virus 7 Torque teno tamarin virus 
Enterobacteria phage HK97 RD114 retrovirus Torque teno virus 3 
Pseudomonas phage MP38 Torque teno douroucouli virus Torque teno mini virus 6 
Pseudomonas phage F116 Torque teno virus 8 Torque teno virus 27 
Prochlorococcus phage P-SSM4 Torque teno mini virus 8 Torque teno sus virus 1a 
Salmonella phage SETP3 Torque teno virus 10 
Burkholderia phage Bcep43 Torque teno virus 12 
Acinetobacter phage Acj9 Torque teno tamarin virus 
Staphylococcus phage Twort Torque teno virus 3 
Aeromonas phage phiAS4 Torque teno mini virus 6 
Pseudomonas phage D3112 Torque teno virus 27 
Aeromonas phage phiAS5 Torque teno sus virus 1a 
Pelagibacter phage HTVC008M 
Bacillus phage SPO1 
Synechococcus phage S-PM2 
Streptococcus pyogenes phage 6180.4 
Enterobacteria phage lambda 
Propionibacterium phage PA6 
Mycobacterium phage Cooper 
Pseudomonas phage LIT1 
Paramecium bursaria Chlorella virus FR483 
Thermus phage phiYS40 
Escherichia phage N4 
Enterobacteria phage RB69 
Bacillus phage B103 
Staphylococcus phage phiMR11 
Pseudomonas phage 201phi2-1 
Enterobacteria phage Phi1 
Prochlorococcus phage P-SSM2 
Streptococcus phage 10270.5 
 
Note: The bottlenose dolphin capture and release viromic study on serum samples yielded 68 total viruses.  
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Figure 10. Virus species recovered per dolphin sample. 
Viromic studies and metadata analysis yielded several viruses recovered in bottlenose dolphin serum, 
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Discussion 
As the field of human microbiomics emerges and continues to develop the newly 
established concept of human virome viruses associated with the human microbiome will 
continue to garner a greater importance in respect to the virome and host health. 
Bacteriophages, for instance, are able to affect system health as they can influence 
bacterial population structure or virulence via acute, persistent or latent infections (Wylie, 
Weinstock, & Storch, 2012). Bacteriophages, additionally, can act as reservoirs and 
transfer of mobile genetic elements, thus bacteriophages can affect and impact structure, 
function and metabolic capabilities of resident bacterial communities. An appreciation for 
bacteriophage diversity and impact or function, expands as bacterial community is 
identified and established. The importance of bacteriophages to the bottlenose dolphin 
system is undeniable, however the function of bacteriophages in a bottlenose dolphin 
system is largely speculative until a core bottlenose dolphin microbiome is established. 
Eukaryotic viruses have important effects on host health, ranging from mild-self-
limited acute or chronic infections to those with serious or fatal consequences. Well 
characterized and described studies on terrestrial eukaryotic infectious viruses allows our 
group to extrapolate and speculate eukaryotic virus emergence and impact in the marine 
system, recovered in this study. The Influenza virus consists of eight ssRNA negative 
sense genomic segments and belonging to family Orthomyxoviridae (Maeno, 1994). 
Influenza B outbreaks are responsible for pandemic events and significant worldwide 
morbidity and mortality (Byarugaba et al., 2013). Genetic shift and genetic drift events 
are well-documented mechanisms in Influenza B evolution and responsible for host range 
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expansion. Influenza B infection is primarily reported in humans, though influenza B has 
been reported in nonhuman terrestrial animals and marine mammals. 
Immunohistochemical and molecular techniques, for instance, have yielded influenza B 
recovery in harbor and gray seals, suggesting that influenza B may circulate within seal 
populations and that marine mammals may serve as animal reservoirs for human 
influenza B (Bodewes et al., 2013). 
Rotavirus (RV) is a non-enveloped virus containing 11 dsRNA genomic segments 
and belonging to family Reoviridae (Médici, Barry, Alfieri, & Alfieri, 2011). Antigenic 
and high nucleotide sequence diversity have yielded eight rotavirus serogroups. 
Infectious host range of Rotavirus A includes: humans, bovine, equine, porcine and swine 
(Medici et al., 2011). High prevalence and pathogenicity, furthermore, has led to RVA as 
being described as the most important RV within the RV serogroup (Lachapelle et al., 
2014). Point mutations, reassortment events and recombination events in addition to 
RVA recovery in several species supports interspecies transmission and rapid rotavirus 
evolution and host range expansion (Lachapelle et al., 2014; Matthijnssens et al., 2010). 
The Marseillevirus is the sixth largest reported viral genome having a 368kb 
circular dsDNA genome with 44.73% GC content, encapsulated by a 250nm icosahedral 
capsid, belonging to family Marseilleviridae (Boyera et al., 2009). The recovery of 
Marseillevirus, viral capsid, antigen, and antibody from human blood and follow up 
immunohistochemical confirmation work, has grouped Marseillevirus within the 
increasingly identified and recognized category of human virome viruses associated with 
humans (Popgeorgiev et al., 2013). The molecular positive and seropositive findings in 4 
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out of 30 asymptomatic individuals indicates that Marseillevirus is commonly persistent 
or responsible for latent infection of low virulence (Goodman, 2013; Popgeorgiev et al., 
2013). 
The Acanthamoeba polyphaga mimivirus (APMV) has a 1.2 mb dsDNA genome, 
encapsulated by a 700nm capsid, and belonging to the family mimiviridae (Colson et al., 
2011). APMV was the first recovered from a water sample in a cooling tower in an 
England hospital and has since been characterized as infectious to the amoebae 
Acanthamoeba polyphaga. Amoebaes, including Acanthamoeba, have been characterized 
as ubiquitous in environmental systems and part of the normal microbiota of animals, 
including humans (Abrahao et al., 2014). 
Norovirus (NV) is a positive sense approximately 7.7 kb genome virus belonging 
to the family Caliciviridae (Asanaka et al, 2005). NV causes epidemic outbreaks of acute 
gastroenteritis (Hardy & Estes, 1996). A lack of a suitable in vitro culture system and 
adequate animal model, though, has hindered NV experimental studies data collection 
and analysis; thus most of what is known about NV is gathered via the study of NV 
outbreaks (Atmar et al., 2011). To date, NV infectious host range has been described as 
limited to primates and humans (White et al., 1996). 
The Mason-Pfizer monkey virus (MPMV) is a linear ssRNA positive sense 
genome consisting of 8,557 bases.  MPMV is characterized as a prototypic D- type 
primate retrovirus (Parker & Hunter, 2001; Rizvi, Lew, Murphy, & Schmidt, 1996). 
MPMV infection results in T and B cell suppression in rhesus monkeys, leading to 
opportunistic infection susceptibility (i.e. pneumonia, enteritis and rashes); approximately 
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50% immunosuppressive related mortality, additionally, occurs in MPMV infected rhesus 
monkeys (Blaise, Mangeney, & Heidmann, 2001; Brody & Hunter, 1992). MPMV 
assembly of immature capsids within host cytoplasm before viral budding is unique, in 
respect to most other retroviruses (Parker & Hunter 2001). 
Muring norovirus 1 (MNV-1) is a non-enveloped ssRNA positive sense genome 
~7.3-8.3 kb virus belonging to family Caliciviridae (Nelson et al., 2013). MNV-1 was 
first recovered experimentally from immunocompromised mice in 2003 and has since 
been characterized as an immunocompromising infectious and gastrointestinal disease. 
MNV-1 demonstrates horizontal transmission via fecal-oral and respiratory routes. 
Norovirus is the leading cause of non-bacterial foodborne disease outbreaks worldwide in 
humans (Koo, Ajami, Atmar, & DuPont, 2011). Norovirus, at current, is unculturable and 
unsustainable in cell culturing systems, thus the highly related biochemical and conserved 
mechanisms of replication and high genetic material relatedness between MNV-1 and 
human norovirus distinguishes MNV-1 as a model virus for human noroviruses 
investigation of replication, propagation and inactivation (Hoelzer, Fanaselle, Pouillot, 
Van Doren, & Dennis, 2013; Royall et al., 2015; Wobus, Thackray, & Virgin, 2006). 
Enzootic nasal tumor virus of goats (ENTV) has a 7,434 ssRNA genome 
(Cousens et al., 1999). ENTV is an oncogenic betaretrovirus responsible for the 
neoplastic disease enzootic nasal adenocarcinoma (ENA) of epithelial cells in the nasal 
mucosa in sheep and goats (Yu et al., 2011). ENA, in fact, is a contagious tumor 
occurring naturally in all continents with the exception of Australia and New Zealand (De 
las Heras, Ortín, Cousens, Minguijón, & Sharp, 2003). ENTV does not have an infectious 
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molecular clone, nor does a cell culturing system for ENTV propagation exist, thus 
ENTV studies are problematic; ENTV though has been experimentally studied in in vivo 
studies allowing for the describing of clinical signs, histopathology and tissue 
propagation of ENTV infection (Walsh et al., 2010, 2013). 
Squirrel Monkey Retrovirus (SMRV) has a 8,785 ssRNA linear genome (Oda et 
al., 1988). SMRV is an endogenous virus of squirrel monkeys; in vitro studies, though, 
have reported the cultivation of other species cell lines, including: canine, human, mink, 
mouse, and rat (Chiu, Andersen, Aaronson, & Tronick, 1983; Colcher, Heberling, Kalter, 
& Schlom, 1977). Morozov Saal, Gessain, Terrinha, and Périès (1991) reported the 
SMRV antibody recovery from the blood of healthy French European blood donors via 
western blot screening. 
RD114 has an 8,409 ssRNA genome (Shimode, Nakagaw, & Miyazawa, 2015). 
RD114 is an endogenous retrovirus in several feline species and very closely related to 
baboon endogenous retrovirus (BaEV); thus RD114 is reported as a feline endogenous 
retrovirus and type D simian retrovirus recombinant (Miyazawa, 2010). Evidence 
showing genetic relatedness between RD114 and the Crandell virus and molecular 
hybridization suggests the origin of RD114 as being an endogenous cat virus or having 
arisen from human RD cells or a recombination event between human RD cells within a 
cat host (East, Knesek, Allen, & Dmochowski, 1973). 
Reticuloendotheliosis virus (REV) is an 8,284 nucleotide virus classified as a 
gammaretovirus (Li et al, 2013). REV shares structural morphological and antigenic 
similarities to the mammalian Type C retroviruses (Santos et al., 2009). REV has been 
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reported as recovered from and infectious to a variety of domestic and wild avian species, 
including: turkeys, geese, pheasants, peafowl, Japanese quail, greater prairie chickens and 
Attwater’s prairie chickens (Mays, Silva, Lee, & Fadly; 2010; Santos et al., 2009). 
Horizontal and vertical transmission of REV can result in immunosuppression, runting 
syndrome, high mortality, neurological symptoms, nakanuke, acute reticular cell 
neoplasia and/or T-and/or B-cell lymphoma; humans and insects, additionally can act as 
vectors in REV transmission (El-Sebelgy, Ahmed, Ata, & Hussein, 2014; Santos et al., 
2009). REV, also demonstrates a unique and novel mechanism of transmission via its 
capability of genomic insertion into larger DNA viruses (Mays et al., 2010). Genomic 
insertion and subsequent transmission can impact biological properties of recipient 
viruses and lead to rapid host range expansion (Mays et al., 2010). 
A disparity exists between the adaptive, proliferative and successful nature of 
viruses and our current assessment capacity in virus identification and characterization. 
To date, specific primer studies are the most widely implemented approach for viral 
studies, but specific primer approaches are inefficient and inadequate in holistic virome 
characterization and analysis. A lack of universal or ubiquity amongst viral genomes 
presents the major impediment for viromic based studies. Our group, though, has 
successfully implemented a random primer, next generation sequencing techniques and a 
bioinformatics approach in the attempts to establish and contribute to a virome library on 
free ranging bottlenose dolphin collected serum samples. 
It is important to note that bacterial recovery post viromic bioinformatics does 
occur and as expected bacteria were recovered in this viromic study (data not shown). 
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The compromising of filtration processes in some capacity, pre viral isolation workup, 
does not cast doubt on the viruses that were recovered, but does provide an explanation 
for low viral recovery and diversity as preferential binding between bacterial nucleic acid 
and random primers likely occurs. While future studies may want to take advantage of a 
multiple filtration step, this study, nonetheless, has successfully contributed to 86 viruses 
not previously recovered from bottlenose dolphin virology studies.  Of the 86 viruses 
reported, additionally, our findings include the recovery and reporting of several 
megaviruses that would have likely not been recovered in the absence of compromised 
filtration. 
Less attention is focused on the bacteriophages in this study. Bacteriophages have 
a higher probability of being transient viruses; therefore, bacteriophage presence is noted 
in this paper, but the importance of their presence is largely unknown until a core 
microbiome of the bottlenose dolphin is established. The newly established of human 
virome viruses associated with the human microbiome, though, does establish inherent 
importance in bacteriophages and their role microbial composition and systematic health. 
This study yielded 86 viruses not previously recovered from past bottlenose 
dolphin virology studies. Of the 86 viruses recovered a number of these viruses were only 
associated or found to be terrestrial viruses previous to this study. Some of the recovered 
viruses, furthermore, are regarded as zoonotic and suspected human viruses. Although 
unique, the recovery of terrestrial pathogens in marine hosts should not be considered 
surprising, as marine organisms are becoming increasingly susceptible to emerging and 
resurging terrestrial diseases. An emergence of terrestrial viruses in the marine 
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environment, is likely facilitated by changing environmental conditions and related 
selective pressures, genetic drift and genetic shift events. Viruses, especially RNA viruses 
and those containing multiple genetic strands, are highly susceptible to divergent 
mechanisms of genetic drift and genetic shift events. A large number of retroviruses, 
additionally, were recovered and reported in this study. Retroviruses seem to display a 
great deal of plasticity in terms of host range infectivity and progeny viral production is 
rapid with high viral loads (Stang et al., 2009). Endogenous retroviruses, for instance, are 
commonly isolated from tissues from many species by cocultivation with cells of other 
species (Colcher, Heberling, Kalter, & Schlom, 1977). 
This study serves as a survey and greatly advances the list of putative infectious 
viruses in the bottlenose dolphin. Deep genome sequencing and attempts to satisfy 
Rivers’ Postulates is the next progressive step for our and other marine mammal-centric 
viral laboratory groups. As sentinel species the bottlenose dolphin provides insight on the 
flow of terrestrial pathogens through the coastal ecosystem and the emergence of disease 
at the interface between wildlife, domestic animals and humans. The finding of 86 
viruses not previously reported in the bottlenose dolphin provides a better understanding 
of the viruses capable of infecting bottlenose dolphins in regards to disease diagnosis, 
etiology, treatment, infectivity and evolutionary relationships amongst viruses. 
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CHAPTER IV – TURSIOPS TRUNCATUS (BOTTLENOSE DOLPHIN)  
LENTIVIRUS RELATED TO HIV-1 
Abstract 
Viral particles constitute 106 to 109 per mL of oceanic waters. Viral infections in 
marine mammals have been reported to be responsible for mass stranding events, unusual 
mortality, chronic infection, clinically expressed disease, and inapparent/sustained 
infections. Viruses associated with Tursiops truncatus (the common bottlenose dolphin), 
specifically, are of importance because the bottlenose dolphin is a sentinel species. To 
date, molecular techniques utilizing specific primers, have been used to identify 
representatives of eight viral families in samples collected from bottlenose dolphins. In 
this study, a random primer approach, followed by genomic and protein analysis of 
purified viral RNA and DNA, was used to detect, identify and report the first discovery 
of a marine lentivirus with high relatedness to the human immunodeficiency virus strain 
1 (HIV-1). 
Introduction 
Current research on environmental viral diversity, facilitated by recent 
developments in genomics, metagenomics and microscopy, has established viruses as an 
abundant and integral component of the marine environment (Breitbart & Rohwer, 2005).  
It is estimated that viral particles are present at 106 to 109 per ml in coastal and 
oligotrophic oceanic water; in marine sediment the estimate is approximately 109 to 1010 
per cubic centimeter (Breitbart & Rohwer, 2005; Hewson & Fuhrman, 2008; Suttle et al., 
1991; Wilcox & Fuhrman, 1994). It is now believed that viruses are the most abundant 
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biological entities on the planet.  They have been isolated from the deep sea, solar 
salterns, acidic hot springs, alkaline lakes, the terrestrial subsurface, and from beneath ice 
at depths greater than 30 meters in polar lakes (Breitbart & Rohwer 2005; Paul, Jiang, & 
Rose, 1991). 
It has been proposed that changing climate conditions and virus genetic drift and 
shift are largely responsible for expansion of the viral niche and their infectious host 
range (Chen et al., 2013). Virus characterization has, in fact, shifted to the notion that 
global viral diversity is relatively low, even as viruses continue to move between biomes 
(Sano, Carlson, Wegley, & Rohwer, 2004). Viral plasticity, therefore, becomes inherently 
relevant, especially with respect to those viruses with zoonotic pathogenesis potential 
(Burroughs, Knobler, & Lederberg, 2002). 
As sentinel species, marine mammals provide valuable insight on the health of 
marine ecosystems and their inhabitants.  Tursiops truncatus (the common bottlenose 
dolphin) has proven to be an ideal sentinel species, due to their high site fidelity, long life 
span and status as an apex predator (Buck et al., 2006). Coastal bottlenose dolphins are 
constantly exposed to pollutants and microbial pathogens and they present a complex 
pathogenesis that is similar to that seen in humans (Bosart, 2006). Data gathered in 
studies of viruses found in and on the bottlenose dolphin, such as carried out in this study, 
provide information useful in assessing scientific and socioeconomic factors linked to 
oceans and human health (European Marine Board, 2013; Grimes, 2013). 
The complex interaction between emerging diseases and immunological and 
genetic factors in marine mammals is relevant for those marine animals that share coastal 
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environments with humans (Bossart, 2007). Because bottlenose dolphins can serve as 
reservoirs of zoonotic pathogens (Wells et al., 2004), the aim of this study was to identify 
viruses infecting bottlenose dolphins and, thereby, establish a bottlenose dolphin virus 
database with relevance to the oceans and human health nexus. To this end, the discovery 
of a lentivirus in bottlenose dolphin serum represents the first report of a marine 
lentivirus with significant relatedness to HIV-1. 
Materials and Methods 
Dolphin Capture and Release 
Serum samples were collected from free-ranging bottlenose dolphins as a part of 
the Chicago Zoological Society capture and release dolphin health assessment program 
which took place during May 6-10, 2013 off the coast of Sarasota, FL. Dolphins were 
encircled with a seine net in shallow waters and brought onboard a veterinary 
examination vessel designed specifically for this research. Trained handlers restrained the 
animals so experienced marine mammal veterinarians could collect samples. Quantitative 
and qualitative data, including age, weight, length, sex, pregnancy status, and observable 
disease status, were recorded by the research team. Adult females of reproductive age 
were administered an ultrasound examination to determine pregnancy. Capture, sample 
collection, and release of the dolphins were conducted under National Marine Fisheries 
Service Scientific Research Permit Number 15543, under IACUC approval from Mote 
Marine Laboratory. 
For this study, 3-5 mL samples of blood were collected from the ventral fluke 
vasculature using a 20 gauge, ¾-inch butterfly catheter while the fluke was held above 
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the surface of the water, or while on the deck of the veterinary examination and sampling 
vessel (Wells et al. 2004).  The surface of the fluke was first dried, and then cleaned with 
a methanol swab prior to venipuncture.  Blood samples were collected in 10-mL 
Vacutainer clot activator and serum separator tubes (Fisher Scientific).   All blood 
samples were centrifuged for 10 minutes at 1300g (3000 RPM) within 2 hours of 
collection. Serum was transferred via pipette and stored in cryovials and shipped 
overnight on dry ice to the University of Southern Mississippi, Gulf Coast Research 
Laboratory (Ocean Springs, MS).  Serum samples were collected from 15 individual 
dolphins for the study reported here. 
Virus Isolation and Viral Nucleic Acid Amplification 
Filtration of samples was accomplished employing 0.2-µm pore size centrifugal 
purification columns (Millipore centrifugal filters – UFC30GV0S). The flow through 
product was treated with a benzonase (Sigma – E1014-5KU), DNase I (New England Bio 
Labs – M0303S), and RNase (Ambion – AM2286) nuclease cocktail to degrade 
extracellular RNA/DNA. 
Proteinase K enzymatic digest was employed to release viral nucleic acid which 
was extracted using phenol:chloroform:isoamyl alcohol followed by ethanol 
precipitation.  Trizol LS treatment allowed viral RNA purification. Efficiency and purity 
of nucleic acid extractions were confirmed and measured employing Nanodrop (Thermo 
Fisher Scientific, http://www.nanodrop.com). 
Purified nucleic acid was subjected to 16S PCR analysis with universal 
(8F/1492R) primers employing the following cycler conditions: 94C for 2 minutes; 35 
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cycles of 94C for 30 seconds; 55C for 30 seconds; 72C for 2 minutes; 72C for 7 minutes; 
and an infinite 4C hold. 16S PCR amplicon products were run on a 1.2% agarose gel at 
80V for 1 hour.  Absence of amplicon banding at ~1500 bp confirmed viral nucleic acid 
recovery.  
RNA was reverse transcribed employing RT-PCR.  Superscript III reverse 
transcriptase (Invitrogen – 18080-093) protocol, using random primers (Invitrogen – 
48190-011), was used to reverse transcribe purified viral RNA. cDNA and DNA samples 
were  randomly amplified employing Illustra GenomiPhi V2 DNA Amplification Kit (GE 
Healthcare – 25-6600-30) protocol. Randomly generated amplicons were run on a 0.8% 
agarose gel for 1.5 hours at 80V. 
Sequencing and Library Reconstruction 
Amplicons were fragmented, tagged, and barcoded employing NexteraXT kit 
(Illumina – FC-131-1024). Samples were multiplexed and sequenced on the Illumina 
MiSeq 2x300bp platform (Illumina SY-410-1003). 
Sequences were assembled using CLC assembler and open reading frames 
(ORFs) determined using FragGeneScan. Integrity of Predicted ORFs was filtered using 
ribopicker, a system capable of detecting spurious ORFs or translations of ribosomal 
RNA. Less than 3% of the ORFs were rejected as spurious and the remaining ORFs were 
BLASTed against PhyloDB – an established database of proteins from complete 
genomes, including viral genomes - and used as input to an Automated Phylogenetic 
Interference System (APIS). APIS utilizes BLAST output to construct full length 
multiple sequence alignments and generate a phylogenetic tree to classify each query 
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peptide. Peptides are classified to kingdom, phylum, class, order, family, genus, and 
species. In addition to classification, APIS predicted function with respect to related units 
in the tree.  
Confirmation of Virus Identification 
Confirmation of lentivirus with significant relationship to HIV relatedness was 
done at the California Lutheran University, Thousand Oaks, CA.  Total RNA was 
extracted using TRIzol.   The RNA was reverse transcribed using Prime Script RT 
(Takara RR611OA).  Nested PCR was performed using PrimeStar (Takara R045B) and 
primer sets for amplifying HIV and SIV (Santiago et al., 2003) for part of the pol gene, 
which codes for Reverse transcriptase (RNA-dependent DNA polymerase) and Integrase. 
PCR1 (Forward primer: CCAGCNCACAAAGGNATAGGAGG; Reverse primer: 
ACBACYGCNCCTTCHCCTTTC) and PCR2 (Same Forward primer as PCR1; Reverse 
primer: CCCAATCCCCCCTTTTCTTTTAAAATT).  PCR1 was performed using 2.0 μL 
cDNA and the following conditions: 98C for 1 second; 30 cycles 98C for 10 seconds; 
53˚C 20 seconds; 72˚C for 1 minute; and 72˚C for 1 minute. PCR2 with 1 µl PCR1 
product and the following conditions: 98C for 1 minute; 35 cycles 98˚C for 10 seconds; 
59C for 20 seconds; 72˚C for 1 minute; and 72˚C for 1 minute.  PCR products were 
electrophoresed on 1.2% Tris-borate EDTA (TBE) gels.  Discreet bands at 650 bp for the 
pol region were gel excised.  Bands were eluted using Millipore UltraFree-DA columns 
and concentrated and sequenced using a Beckman CEQ 8000 automated sequencer 
(Beckman Coulter – A16637-AA). 
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Results 
Results of ORF Blasts indicated short stretches matching HIV-1 recovered.  In 
particular, reads alignments equal to or greater than 94% relatedness to HIV-1 sequence 
were recovered for 3’ and 5’ ends, which included a ~5,500-5,600bp region and 
7,900~8,100bp region. Amino acid analysis of the putative HIV proteins allowed 
identification of expression levels of ORF and revealed significant ORFs had been 
detected, eliminating a potential artifact.  Reads were mapped against the ORFs providing 
counts per ORFs variation across the libraries and indicating differential expression. A 
significantly large number of reads were recruited to HIV at high percent identities. 
HIV Confirmation 
Purification of the RNA and RT-PCR of sample 33 (Table 3) yielded gel bands of 
the same size as the pol region of HIV-1. Sample 33 was sent to California Lutheran 
University for independent confirmation. Amplification of HIV-like sequences required 
two separate PCR reactions of 35 cycles each, suggesting viral RNA was present but at 
low concentrations. Amplified product targeting the highly conserved polymerase of 
sample 33 displayed bands of the expected sizes for the pol region by gel electrophoresis 
(Figure 13, lane 2). Amplified band products for Sample 33 were subsequently excised 
from the gel and the PCR products sequenced. We are only reporting sequences with 
Phred quality scores of 30 or above (capital letters, Figure 14).  The partial sequence of 
the pol gene of sample 33 revealed a match to HIV, with a best match of 96% for DNA 
and 93% identity to amino acid sequences (Figure 14) of HIV-1.  Phylogenetic analysis, 
additionally, shows that sample 33 aligns with HIV-1 (Figure 15, Figure 16). 
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Discussion 
A total of 86 viruses were detected that had not been previously recovered in 
earlier studies of viruses associated with bottlenose dolphins.  Of the 86 viruses 
recovered, most were identified as non-marine viruses, i.e., isolated from other than 
marine sources. Some, however, were found to be related to human viruses, including a 
virus similar to HIV-1. 
Detection of viruses similar to those infecting humans in marine hosts is not 
surprising, since reports of marine animals susceptible to emerging and re-emerging 
terrestrial diseases are more frequent in recent years. Previous research, for instance, 
reported such viruses having been recovered in marine mammals. Rivera, Nollens, Venn-
Watson, Gulland, and Wellehan (2010) reported bottlenose dolphin Astrovirus 1 
(BdAstV-1) in bottlenose dolphin fecal samples. Astroviruses are small, non-enveloped 
retroviruses known to be infectious only for terrestrial animals and humans.  
Interestingly, BdAstV-1 is purported to be a recombination product of a sea lion 
Astrovirus and human Astrovirus.  It can be pointed out that the capability of bacterial 
viruses isolated from soil, sediment, and freshwater to infect terrestrial microbes is 
evidence of viral plasticity (Sano, Carlson, Wegley, & Rohwer, 2004) and perhaps 
viruses are less host dependent than previously thought, proving capable of infecting 
different microbial hosts in different environments. 
The discovery of lentivirus in a marine animal should, therefore, not be 
surprising.  Genetic drift, via a lack of proofreading exonuclease activity and genetic 
shift, via genetic recombination, are responsible for lentiviral success and expansion in 
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niche and host range (Leroux, Vuillermoz, Mornex, & Greenland, 1995; Leroux, 
Chastang, Greenland, & Mornex, 1997). Thus, lentiviral emergence in a marine system 
can be explained as yet another demonstration of the lentiviral genome being one of the 
most rapidly evolving viruses, considering low fidelity reverse transcription and 
recombination events in co-infected cells. 
In vitro studies, have demonstrated lentivirus infection of marine mammal cell 
lines.  That is, Sousa chinensis (Indo-Pacific humpback dolphin) immortalized skin cell 
lines were exposed by Jin and colleagues (Jin et al., 2013) to lentivirus packaging 
plasmids pSicoR, pMLg/PRRE pRSV-REV and pMD2.G., which were then able to 
express cytoplasmic green fluorescent proteins. Greater than 90% of the cells were 
infected by 72 hours post initial exposure, evidence of marine mammal sensitivity, 
susceptibility, and high rate of lentivirus proliferation. 
The lentivirus detected in the study reported here most closely matches HIV-1, 
but cannot yet be definitively identified as HIV-1, as the Pol region amplified from the 
bottlenose dolphin sample is highly conserved among lentiviruses. Confirmation as HIV-
1 is in progress but it can be reported that the first lentivirus in a marine animal is now 
confirmed. Whether this is a transient infection or chronic has yet to be determined.    
The HIV-1 transmission potential in dolphins will need to be studied further to 
determine whether there is a need to provide protection for those who interact with 
dolphins (handlers, trainers, veterinarians, swimming with the dolphins, aquaria etc.).  
Serological testing of marine mammals prior to relocation or release into the wild post 
rehabilitation may also need to be considered (Saliki & Lehenbauer, 2001). For purposes 
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of reference, it is proposed that this novel lentivirus be identified as Tursiops truncates 
Lentivirus  (TtLV). 
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Table 3  
Qualitative data collected per dolphin during dolphin collection events 
Sample  33 
Sample Collection 
Date and Time 
 
5/10/2013 ; 11:50 am 
Collection Location SE of Cortez 
Sample Type Serum 
Dolphin Name Saida Beth 
Sex Female 
Age 31 
Length (cm) 246 
Additional Information Pregnant late 3rd trimester 
The table of standard information collected per animal sampled focuses on Sample 33, the sample of interest in this report. 
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Figure 11. PCR generated amplicon on 1.2% TBE gel. 
Sample 33 from dolphin serum and K@ the HIV control. Fragment 1 is the Pol region. 
Figure 12. Dolphin HIV-Pol region sample 33. 
Dolphin HIV-Pol region sample 33 amplicon yielded 96% relatedness. Lowercase denotes lower quality bases (Phred scores less than 
30). 
Sequence Description Reference 
Sequence 
Number 
HIV-1_ref HIV-1 reference genome  (NCBI)  NC_001802.1 
HIV-1_match HIV-1, best match at NCBI KJ925006.1 
HIV-1_A HIV-1, subtype A EU618473 
AAgCCATGCATGGACAAGTAAACTGTAGTCCAGGAATATGGCAACTAGATCgTACAcA
TATAGAAGGAAAAGTAATCCTGGTAGCAGTTCATGTACCCAGTGGATATATAGAAgCA
GAAGTCATTCCAGCAGAAACAGGGCAGGAAACAGCATACTTTCTTtTTAAAATAGCAG
GAAGATGGCCAGTAAAAACAATACATACAGACAATGGCAgCAATTtcACCAgTGCTAC
GGTTAAGGCAgCCTGTtGGTGGGCGGGAAT 
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HIV-1_B HIV-1, subtype B DQ926899.1 
HIV-1_C HIV-1, subtype C FJ199626 
HIV-1_F HIV-1, subtype F HM439759 
HIV-2_ref HIV-2 reference genome at NCBI Genome NC_001722.1 
SIV_Mnd_ref Mandrill SIV reference genome at NCBI Genome NC_004455.1 
SIV_AGM_ref African green monkey SIV reference genome at NCBI Genome NC_001549.1 
FeLV_ref FeLV reference genome at NCBI Genome NC_001940.1 
 
Figure 13. Phylogenetic tree of  HIV, SIV, and FeLV sequences, determined by 
DNAStar MegAlign. 
We have listed the best match in the HIV sequence database (http://www.hiv.lanl.gov) to the Dolphin-33 sequence for each HIV-1 
subtype listed (Foley et al., 2013). The sequences were aligned using ClustalW neighbor-joining, and a rooted tree generated by 
MegAlign.  Bootstrap trials were then run to give additional support to the tree, with the resulting bootstrap values shown at the nodes. 
 
Figure 14. HIV regions recovered in virus and specific primer analyses matching to the 
HIV-1 genome. 
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Blue shaded boxes were recovered in the virus study and the green shaded box was targeted in the specific primer study, compared to 
genome structure of HIV-1 (http://www.hiv.lanl.gov/). 
 
 
 85 
CHAPTER V – BACTERIAL SPECIES IDENTIFIED ON THE SKIN OF 
BOTTLENOSE DOLPHINS OFF SOUTHERN CALIFORNIA VIA NEXT 
GENERATION SEQUENCING TECHNIQUES 
Abstract 
The dermis of marine mammals is in constant contact with microbial species. 
Although the skin of the bottlenose dolphin provides adequate defense against most 
disease-causing microbes, it also provides an environment for microbial community 
development. Microbial community uniqueness and richness associated with bottlenose 
dolphin skin is a function of varying habitats and changing environmental conditions. 
The current study uses ribosomal (r)DNA as a marker to identify bacteria found on the 
skin of coastal and offshore bottlenose dolphins off of Southern California. The unique 
microbial communities recovered from these dolphins suggest a greater microbial 
diversity on the skin of offshore ecotype bottlenose dolphins, while microbial populations 
associated with the coastal ecotype include species that are more closely related to each 
other and that suggest exposure to communities that are likely to be associated with the 
terrestrial runoff. 
Key Words: Microbiomics, bacteriomics, bottlenose dolphin, skin microbiome, indicator 
species, oceans and human health 
Introduction 
Surficial ocean waters are generally characterized by high bacteria concentrations 
(Schmidt, Deming, Jumars, & Keil, 2003). Cetaceans (whales, dolphins and porpoises) 
are in constant contact with the marine environment and the associated microorganisms 
found therein. The skin of cetaceans is the first line of defense against environmental 
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pathogens. The thick, smooth skin of these animals acts as a barrier to bacterial 
attachment and penetration (Apprill et al., 2014).  Marine mammal bacterial dermatitis is 
considered rare, and skin diseases are typically regarded as opportunistic infections to 
viral, parasitic or traumatic insults (Burdett et al., 2012; Harzen & Brunnick, 1997).  As 
secondary infections, bacterial-related skin infections have traditionally served as 
indicators of individual (mental, immuncompromisation, etc.) or environmental  
(temperature, salinity, pollutants, etc.) stress. Because the prevalence of skin lesions on 
cetaceans appears to be on the increase (Apprill et al., 2014; Burdett et al., 2012), the role 
of bacteria and their contribution to health maintenance has become of increasing 
research interest. 
Long-term studies on common bottlenose dolphins (Tursiops truncatus) have 
identified a variety of causes leading to skin lesions including potentially infectious 
pathogens (e.g. lacaziosis, herpesvirus, poxvirus) and non-infectious sources (e.g. 
diatoms, traumatic scarring). In some cases, skin lesions have been observed to persist on 
individual bottlenose dolphins on the order of years, suggestive of a chronic condition 
that is potentially detrimental to overall fitness, but typically not regarded as immediately 
fatal (Harzen & Brunnick, 1997). Differential water chemistry facilitates unique 
microbial community establishment and contributes to skin susceptibility to water 
pathogens. Low salinity, for instance, can cause a disruption in electrolyte balance 
leading to cellular damage in the epidermis (Fraser & Mays, 1986).  Acute and prolonged 
cold-water exposure, additionally, can limit blood flow to the skin, inhibiting both 
immune protection and epidermal cell regeneration (Feltz & Fay, 1966). Wilson and 
colleagues (1999) concluded that epidermal disease is universal in coastal bottlenose 
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dolphins and that a large proportion of individuals within a given population are likely to 
be affected. 
Bacterial disease progression and pathogenicity is largely based on bacterial 
species and route of transmission. Wound sites, for example, offer a penetration point for 
bacterial attachment and colonization.  Bacterial diseases in bottlenose dolphins have 
been attributed to causing skin lesions, dermatitis, abscesses, ulcers, bronchionuemonia, 
dyspnea, anorexia and death (Miller et al., 1999). Many reported bacterial infectious 
agents in the bottlenose dolphin are zoonotic pathogens (Hunt et al., 2008). The exposure 
of humans to these pathogens presents a potential risk of zoonotic infection by 
microorganisms that may be carried by individuals either as components of their normal 
flora or as pathogens (Morris et al., 2011). Thus, studies on the skin of bottlenose 
dolphins are applicable to the growing scientific and socioeconomic interest in ocean and 
human health (European Marine Board, 2013; Grimes, 2013). 
The current study employs molecular biology and genomics techniques on 
samples from coastal and offshore ecotype bottlenose dolphins off Southern California. 
These ecotypes are morphologically (Defran & Weller, 1999; Bearzi, Saylan, & Hwang, 
2009) and genetically (Lowther-Thieleking, Archer, Lang, & Weller, 2014) 
distinguishable, and their populations occupy different habitats.  The coastal form is 
typically found within 1 km of shore (Bearzi, 2005, Defran & Weller, 1999) and the 
offshore form is typically found more than a few kilometers from shore (Bearzi, Saylan, 
& Hwang, 2009; Defran & Weller, 1999). The goals of this study include: 1.characterizing 
microbial composition variability between host (bottlenose dolphin) within a geographic 
region (Southern California); 2. characterizing microbial composition variability of host 
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(bottlenose dolphin) between ecotypes (coastal versus offshore); 3.contributing to the 
ongoing effort to identify distinct microbial communities associated with bottlenose 
dolphin ecotypes that can aid in the assessment of health; 4.identifying microbial 
communities associated with dolphins that can also serve as indicators for ocean and 
human health, particularly coastal dolphins that share overlapping recreational/food 
sources with humans. 
Materials and Methods 
Sample Collection 
Skin biopsy samples were obtained from 6 free-ranging common bottlenose 
dolphins off Southern California between 2008 and 2010.  Standard protocols for 
projectile biopsy sampling were followed to obtain skin and blubber samples from large 
research ships or small boats conducting research in the Southern California Bight 
(Weller, Cockcroft, Wursig, Lynn, & Fertl, 1997).  All samples were collected with a 
sterilized 7 mm x 25 mm stainless steel biopsy tip, frozen dry and stored at -80oC in the 
Southwest Fisheries Science Center, Marine Mammal and Turtle Molecular Research 
Sample Collection. 
The ecotype designation for each dolphin was assigned using the mitochondrial 
DNA haplotype generated by the methods described in Lowther-Thieleking, Archer, 
Lang, and Weller (2014) or, in the case of coastal dolphins, sample collection location (n 
= 3). Three (3) samples were collected from coastal ecotype dolphins and three (3) from 
the offshore ecotype (Table 1 and Table 2). Sex was determined by amplifying DNA 
from the zinc finger gene region (X-chromosome) and sex-determining region (Y-
chromosome) using the Real-Time PCR assay described in Morin, Nestler, Rubio-
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Cisneros, Robertson, and Mesnick (2005).  There were 4 females (3 coastal and 1 
offshore ecotype) and 2 males (2 offshore ecotype). 
Nucleic Acid Extraction 
Bottlenose dolphin skin samples (25 mg) were homogenized and genomic DNA 
(gDNA) was extracted via a purelink pro 96 genomic DNA Kit (Invitrogen – K1821-
04A). Working with environmental samples and mixed cultures, homogenate was treated 
with a lysozyme treatment to account for gram positive bacteria. gDNA was extracted via 
a protease treatment. gDNA yield and purity was assessed via 260/280 readout on 
Nanodrop. 
16S rDNA Profiling 
DNA extracted from bottlenose dolphin skin samples was amplified using primers 
that targeted the V1-V3 and V4 regions of the 16S rRNA gene.  These primers included 
the i5 and i7 adaptor sequences for Illumina MiSEQ pyrosequencing as well as unique 8 
bp indices incorporated onto both primers such that each sample receives its own unique 
barcode pair. This method of incorporating the adaptors and index sequences onto the 
primers at the PCR stage provided minimal loss of sequence data when compared to 
previous methods that would ligate the adaptors to every amplicon after amplification. 
This method also allows generating sequence reads which are all in the same 5’-3’ 
orientation.  Using approximately 100 ng of extracted DNA, the amplicons were 
generated with Platinum Taq polymerase (Life Technologies, CA) and by using the 
following cycling conditions:  95°C for 5min for an initial denaturing step followed by 
95°C for 30 sec, 55°C for 30 sec, 72°C for 30 sec for a total of 35 cycles followed by a 
final extension step of 72°C for 7 min then stored at 4°C.  Once the PCR for each sample 
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was completed, the amplicons were purified using the QIAquick PCR purification kit 
(Qiagen Valencia, CA), quantified using Tecan fluorometric methods (Tecan Group 
Mannedorf, Switzerland), normalized, and then pooled in preparation for bridge 
amplification followed by Illumina MiSEQ sequencing using the dual index 2x300 bp 
format (Roche, Branford, Connecticut) following the manufacturer’s protocol. 
16S Analysis 
In the first step of data processing, the sequence data were deconvolved using the 
sample barcodes to identify sequences from each of the samples. Barcode, primer, and 
adaptor sequences were also trimmed as part of this step. PCR artifacts “chimeras” were 
identified using the ChimeraSlayer program (http://microbiomeutil.sourceforge.net; 
reference http://genome.cshlp.org/content/21/3/494.long), and removed prior to 
downstream analysis. The resulting deconvoluted and filtered sequence data were 
assigned taxonomy (to the genus level) using the Ribosomal Database Project (RDP) 
classifier and the genera classifications were used to generate a sample-genus count 
matrix. Operational Taxonomic Unit (OTU) analysis of these sequences was performed 
as follows: sequences were processed (trimmed) using the Mothur software and 
subsequently clustered at 97% sequence identity using cd-hit to generate OTUs. The 
OTU memberships of the sequences were used to construct a sample-OTU count matrix. 
The samples were clustered at genus and OTU levels using the sample-genus and sample-
OTU count matrices respectively. For each clustering, Morisita-Horn dissimilarity was 
used to compute a sample distance matrix from the initial count matrix, and the distance 
matrix was subsequently used to generate a hierarchical clustering using Ward’s 
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minimum variance method. The Wilcoxon Rank Sum test was used to identify OTUs that 
had differential abundance in the healthy and polyp sample groups. 
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Table 4  
Metadata for bottlenose dolphin skin samples collected off Southern California. 
Animal 
ID Ecotype 
Skin 
Sample 
Weight (g) Sex 
Collection 
Date 
Latitude 
N 
Latitude 
Precision 
Unit 
Longitude 
W 
Longitude 
Precision 
Unit 
78039 Coastal 0.08 F 12/16/2008 32.9 Minute -117.25 Minute 
78043 Coastal 0.04 F 12/29/2008 32.8 Minute -117.26 Minute 
78064 Coastal 0.08 F 1/29/2009 32.8 Minute -117.26 Minute 
79952 Offshore 0.04 M 7/22/2009 32.9 Minute -118.51 Minute 
79955 Offshore 0.04 M 7/23/2009 33.1 Minute -118.55 Minute 
94404 Offshore 0.04 F 6/16/2010 33.0 Minute -118.38 Minute 
Note: Table notes always go below the table and should be Times New Roman 8 pt. font.  If the note extends to a second line (or 
beyond) it should be double spaced. 
Table 5  
Study sample set 
Six individual dolphins were examined; the breakdown on ecotype and sex is given. 
Ecotype Female Male Total 
Coastal 3 0 3 
Offshore 1 2 3 
Total 4 2 6 
 
Results 
V1-V3 analysis revealed between 22-80 OTUs for a majority of the samples. The 
6 samples sequenced for this study had greater than 3000 reads that passed quality control 
checks: ID94404, ID78039, ID78064, ID78043, ID79955, and ID79952.  
The V1-V3 dataset suggests that the offshore dolphins have a higher abundance of 
unclassified Lachnospiraceae when compared to the coastal. Common microbes present 
in nearly all of the samples examined included: Unclassified Lachnospiraceae, 
Unclassified Gammaproteobacteria, Pseudomonas, Diaphorobacter, Acinetobacter, 
Acidovorax and Dechloromonas. Bacterial recovery is reported via OTU per ecotype 
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(Figure 17 and Figure 18); the top 20 most abundant bacterial recovery per ecotype 
(Figure 19 and Figure 20) is also reported. Stack plots of dolphin sequence data, 
additionally, display distinct bacterial differences between bottlenose dolphin ecotype 
(Figure 21). Offshore animals, additionally, appear to differ from each other more than 
the coastal animals, which cluster much more tightly (Figure 22). ANOSIM shows a 
statistically significant distinction per ecotype (coastal vs. offshore), p value = 0.001389 
(Figure 22). 
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Figure 15. Genera recovered in coastal dolphins targeting V1-V3. 
Accumulative proportions of genera recovered via V1-V3 targeting on the 16S. 
Genus Coastal Dolphins
(n=3)
unclassified Genus of Acidimicrobiales Corynebacterium
Brachybacterium unclassified Genus of Microbacteriaceae
Micrococcus Mycobacterium
Nocardioides Propionibacterium
Actinomycetospora unclassified Genus of Actinomycetales
Hymenobacter Chryseobacterium
Cloacibacterium Tenacibaculum
unclassified Genus of Streptophyta unclassified Genus of GpIIa
Bacillus Geobacillus
Staphylococcus Abiotrophia
Granulicatella Streptococcus
Clostridiales_Incertae_Sedis_XI Finegoldia
Blautia Veillonella
Cetobacterium Fusobacterium
Brevundimonas unclassified Genus of Caulobacteraceae
Nitrobacter Methylobacterium
Paracoccus unclassified Genus of Candidatus_Pelagibacter
Novosphingobium Sphingobium
Sphingomonas Castellaniella
Acidovorax Comamonas
Diaphorobacter unclassified Genus of Comamonadaceae
Dechloromonas Desulfovibrio
Aeromonas Tolumonas
Citrobacter Enterobacter
Plesiomonas Serratia
unclassified Genus of Cocleimonas Haemophilus
Acinetobacter Pseudomonas
unclassified Genus of Gammaproteobacteria
  
9
5
 
 
 
Figure 16. Genera recovered in offshore dolphins targeting V1-V3. 
Accumulative proportions of genera recovered via V!-V3 targeting on the 16s. 
Genus Offshore Dolphins
(n=3)
Actinomyces Corynebacterium
Frigoribacterium Leucobacter
Microbacterium unclassified Genus of Microbacteriaceae
Arthrobacter Micrococcus
Mycobacterium Pimelobacter
Friedmanniella Propionibacterium
Asaccharobacter Collinsella
Eggerthella Gordonibacter
unclassified Bacteroides
Barnesiella Parabacteroides
Porphyromonas unclassified Genus of Porphyromonadaceae
Paraprevotella Alistipes
Bergeyella Chryseobacterium
Cloacibacterium Epilithonimonas
Flavobacterium Myroides
Soonwooa Tenacibaculum
Wautersiella unclassified Genus of Flavobacteriaceae
Nubsella Pedobacter
Sphingobacterium unclassified Genus of Bacteroidetes
unclassified Genus of Candidatus_Saccharibacteria unclassified Genus of Bacillariophyta
unclassified Genus of Streptophyta Bacillus
Exiguobacterium Staphylococcus
Carnobacterium Granulicatella
Vagococcus Lactobacillus
Lactococcus Streptococcus
unclassified Genus of Streptococcaceae Clostridium_sensu_stricto
Sarcina Clostridiales_Incertae_Sedis_XI
Peptoniphilus Anaerovorax
Anaerofustis Eubacterium
Anaerostipes Blautia
Clostridium_XlVa Coprococcus
Dorea Lachnobacterium
Roseburia Ruminococcus2
unclassified Genus of Lachnospiraceae Clostridium_XI
Butyricicoccus Clostridium_IV
Faecalibacterium Flavonifractor
Gemmiger Hydrogenoanaerobacterium
Oscillibacter Ruminococcus
unclassified Genus of Ruminococcaceae unclassified Genus of Clostridiales
Clostridium_XVIII Erysipelothrix
Turicibacter unclassified Genus of Erysipelotrichaceae
Phascolarctobacterium unclassified Genus of Selenomonadales
Cetobacterium Fusobacterium
unclassified Genus of Planctomycetaceae Brevundimonas
Phenylobacterium unclassified Genus of Caulobacteraceae
unclassified Genus of Beijerinckiaceae Bosea
Bradyrhizobium Ochrobactrum
Pseudochrobactrum Devosia
Methylobacterium Thermovum
Rhizobium Paracoccus
Rhodobacter Rubellimicrobium
Roseomonas unclassified Genus of Candidatus_Pelagibacter
Novosphingobium Sphingobium
Sphingomonas unclassified Genus of Alphaproteobacteria
Achromobacter Pigmentiphaga
Ralstonia Acidovorax
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Figure 17. The most abundant, top 20, bacteria recovered from coastal dolphin.  
Top 20 bacterial species accounted for 64% of total bacteria recovered from coastal dolphin skin samples. 
  
Top 20 Most Abundant Bacteria Recovered from Coastal 
Dolphins
Corynebacterium
Propionibacterium
Cloacibacterium
unclassified Genus of Streptophyta
Geobacillus
Streptococcus
Methylobacterium
Paracoccus
Sphingomonas
Acidovorax
Diaphorobacter
Dechloromonas
Aeromonas
Citrobacter
Enterobacter
Serratia
Haemophilus
Acinetobacter
Pseudomonas
unclassified Genus of Gammaproteobacteria
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Figure 18. The most abundant, top 20, bacteria recovered from offshore dolphin skin. 
Top 20 bacteria species accounted for 53% of total bacteria recovered from offshore dolphin skin samples. 
 
Top 20 Most Abundant Bacteria Recovered from 
Offshore Dolphins
Bacteroides
Chryseobacterium
Flavobacterium
Sphingobacterium
Anaerovorax
Blautia
Clostridium_XlVa
Coprococcus
Roseburia
unclassified Genus of Lachnospiraceae
Faecalibacterium
unclassified Genus of Ruminococcaceae
unclassified Genus of Clostridiales
Acidovorax
Comamonas
Diaphorobacter
Acinetobacter
Psychrobacter
Pseudomonas
unclassified Genus of Gammaproteobacteria
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Figure 19. Taxa data plotted via stack charts. 
Coastal (first three stack plots) display differences to offshore bottlenose dolphins. 
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Figure 20. PCoA illustrating bacterial relatedness per dolphin and ecotype. 
Coastal animals (BND_78039, BND_78043, BND78064) display as clustered together while offshore 
bottlenose dolphins (BND_79952, BND_94404, BND_79955) do not show particular patterns. ANOSIM 
shows statically significance (p value = 0.001389) between coastal and offshore bottlenose dolphins. 
Discussion 
This study provides a survey of the skin microbiome of coastal and offshore 
dolphins off Southern California. Considering that coastal bottlenose dolphins are 
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generally found within 1 km of shore, they are likely to be subjected to greater variances 
in environmental conditions and environmental stressors. Because of their near shore 
affinity and related proximity to a highly urbanized coastline, we hypothesized that 
greater microbial diversity would be observed in coastal dolphins. Terrestrial effluent 
carrying large volumes of cold fresh water to coastal systems has the ability to impact 
and shift dolphin microbial community structure and renders dolphin skin more 
susceptible to skin lesions and the potential for microbial penetration leading to disease 
(Carmichael et al., 2012). Coastal dolphins, additionally, are exposed to contaminants and 
toxins related to coastal urbanization and near shore pollution (Shaul et al., 2015). 
Counter to this line of reasoning, however, our results show that coastal bottlenose 
dolphins display much tighter clustering in regards skin microbiome, while offshore 
dolphins carry a greater variance of microbial populations. 
As apex predators with long lifespans and being in constant contact with ocean 
microorganisms it may be expected that the skin of bottlenose dolphins provides an 
optimal surface for diverse microbial communities.  The low OTUs recovered in this 
study, however, indicate a low overall microbial composition diversity associated with 
the bottlenose dolphin skin. High skin turn over rates (on the order of 2-3 months) 
coupled with thick and smooth physiochemical barriers limit microbial attachment, 
colonization and penetration (Hicks, Aubin, Geraci, & Brown, 1985). These properties 
also provide a likely explanation for low overall OTUs recovered in this study. 
The ubiquitous recovery of particular microbes in both coastal and offshore 
bottlenose dolphin ecotypes may serve as proxies to environmental health. For instance, 
the recovery of Acidovorax and Dechloromonas in the absence of any known oil 
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contamination suggests that other point sources exist (e.g. vessel/watercraft, urban run 
off, natural oil seepage) within the range of the dolphins examined. Acidovorax has been 
reported as showing an increase in abundance in response to oil contaminated water and 
soil (Si, Kukor, Oh, & Kahng, 2006) and is involved in oil aromatic hydrocarbon (PAHs) 
degradation in situ (Coates et al., 2001; Erikson, Sodersten, Yu, Dalhammar, & Mohn, 
2003; Yang, Wen, Zhao, Shi, & Jin, 2014). Dechloromonas has been demonstrated to 
oxidize aromatic compounds and provides environmental relevance as it can oxidize 
benzene a highly soluble, mobile, and toxic pollutant, a primary component of petroleum 
based fuels and contamination (Coats et al., 2001). While an absolute linkage has not 
been drawn between persistent organic pollutant (POP) contaminant exposure and 
accumulation burden to stranding events, these contaminants are highly deleterious to 
biological systems and are regularly recovered in stranded bottlenose dolphins (Jepson, 
Tregenza, & Simmonds, 2009; Shaul et al., 2015).  These results should continue to 
strengthen the linkage between POP exposure and organismal health as well as prompt 
follow up studies on sources of oil input and disturbance to marine and coastal 
ecosystems in addition to the impact on bioremediation. 
Organismal microbiota is determined by a number of factors, including: age, 
hormones, immune system status, diet, stress, season (e.g. water temperature), geographic 
location, environmental pollution, population density and animal interactions and contact. 
The novel research reported herein highlights the feasibility of assessing skin bacterial 
communities on free-ranging dolphins. Future work on this topic would benefit from 
systematic sampling that takes into account some of the factors named above that 
potentially regulate permanent microbiota and disease causing microbial species. As a 
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marine sentinel species, studies focusing on the skin of bottlenose dolphins have the 
potential to provide insight about the health of coastal marine and terrestrial ecosystems. 
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CHAPTER VI – BACTERIOMIC AND TRANSCRIPTIONAL REGULATION IN 
ZEBRAFISH EXPOSED TO VARYING CONCENTRATIONS OF THE  
HARMFUL ALGAL BLOOM TOXIN DOMOIC ACID 
Abstract 
Domoic acid (DA) is a naturally and abundantly occurring harmful algal bloom 
toxin produced by Pseudo nitzschia. DA outbreaks and exposures pose a serious threat to 
marine animal health, human health and local economies and is detrimental to ecosystem 
function. Acute DA exposures in marine mammals, in particular, include morbidity and 
death. Sublethal and chronic DA exposures in marine mammals, additionally, can have 
long term impacts, including: loss of navigational abilities, abnormal swimming, chronic 
epilepsy, degenerative heart disease, reproductive failure, long-term neurological 
damage, stranding events and unusual mortality events. DA is a glutamate analog, thus 
DA toxicity occurs via the high affinity binding and activation of DA to the kainate and 
AMPA receptor, respectively. Danio rerio (zebrafish) are used as model organisms in 
genetic studies and to elucidate neurotoxicity and mechanisms of mammalian disease. 
Accordingly, this current study exposed zebrafish to DA at control (0 μg DA/g fish), low 
(0.733 μg DA/g fish) and high (1.32 μg DA/g fish) treatment groups. At 24 hours, 
intestines and brain were collected for microbial and transcriptional analysis, 
respectively. Intestines were recovered and ribosomal (r)DNA was used as a biomarker to 
identify bacterial presence. Greater bacterial disruption, allowing for attachment, 
colonization and proliferation of bacterial species was observed in high treatment 
bacteriomics via the greater diversity and abundance of bacterial species recovered. Brain 
RNA was extracted, reverse transcribed and a qPCR approach was utilized on 7 target 
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genes (dusp2, acin1b, glud1a, midn, nsfa, syt11a, gabarapa) representative of 3 regulatory 
functional processes (apoptosis, glutamate transfer, and nervous system). High treatment 
groups, in general, demonstrated greater upregulation compared to low treatment groups 
versus control groups. This current study used zebrafish as a model organism to present 
bacteriomic and transcriptional shifts in response to DA exposures at varying 
concentrations. 
Introduction 
Pseudo nitzschia is a naturally and abundantly occurring diatom found 
worldwide. Several Pseudo nitzschia species have been identified as capable of 
producing the amino acid neurotoxin Domoic Acid (DA): P. multiseries, P. 
pseudodolicatissima, P. australis P. delicalissima, P. pungens, P. seriata, P. 
pseudodelicalissima, and P. subfraudulenta (Orsini et al., 2002; Parsons, Dortch, & 
Doucette, 2013; Twiner et al., 2012). Harmful algal blooms (HABs) are responsible for 
large scale DA production is deleterious to marine animal health, proper ecosystem 
function, local economies and human health. 
Acute severe DA exposures in marine mammals can cause morbidity and death 
(Lefebrvre et al., 1999; Fire et al., 2011). Sublethal and chronic DA exposures in marine 
mammals, additionally, can have long-term impacts, including: loss of navigational 
abilities, abnormal swimming, chronic epilepsy, degenerative heart disease, reproductive 
failure and stranding events and unusual mortality events (Fire et al., 2011; Lefebvre et 
al., 1999). 
DA exposure pathways typically involve direct and indirect ingestion of DA. 
Lefebvre and colleagues (1999) propose a three-tiered trophic transfer of DA: initial DA 
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production, DA transfer to vectors and ultimately DA transfer and accumulation in 
piscivorous fish, higher trophic level animals and apex predators. Vectors (i.e., plankton, 
filter feeding fish and bivalves) have not demonstrated DA avoidance behavior, 
concentrate DA in viscera and body tissue and do not exhibit DA neurotoxicity 
(Lefebvre, Silver, Coale, & Tjeerdema, 2002). A lack of DA neurotoxicity in vectors 
facilitates the transfer and distribution of DA to higher level trophic animals and 
throughout the marine system, respectively (Lefebvre et al., 1999). DA can also sink, 
absorb and contaminate sediments in vertical DA flux events. This mode of DA 
transportation can ultimately lead to the resuspension of DA and/or the transfer of DA to 
benthic organisms. 
DA transfer via vertical transmission has also been investigated and characterized. 
In sea lions, for instance, DA has been recovered from amniotic fluid, fetal urine and fetal 
gastric fluid (Goldstein et al., 2008). This mode of DA transmission is especially 
problematic as developing fetuses are particularly sensitive to DA exposure. The 
transversion of DA across the placenta, for instance, leads to developmental 
complications particularly evident in neurological and behavioral abnormalities 
(Ramsdell & Gulland, 2014).  Maucher and Ramsdell (2005), additionally, provide 
evidence that DA can transfer from milk to nursing neonates.  This mode of DA transfer 
is compounded by the fact that DA has a relatively long retention in milk. Neonatal DA 
exposure can have developmental, and degenerative effects on the hippocampus, septum 
and olfactory bulb (Peng & Ramsdell, 1996). 
Acute and chronic DA exposure has also been reported in terrestrial animals, 
including humans. The first reported DA outbreak in humans occurred via the 
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consumption of contaminated shellfish in Canada in 1987. This particular DA outbreak 
led to over 100 individuals developing DA toxin induced symptoms and the death of 3 
individuals (Mos, 2001; Vicki, 2003). The recalcitrant DA toxin is resistant to heating 
and freezing, thus the main mode of transmission to human involves ingestion of DA 
contaminated seafood (Leira, Vieites, Botana, & Vyeites, 1998; Mos, 2001). Exposure to 
DA can also occur through means of inhalation of aerosolized toxin (Ferrante et al., 
2013). Clinical expression of DA in humans can cause vomiting, disorientation, 
gastrointestinal distress, seizures, limbic system damage, persistent cognitive 
impairments, long-term neurological damage and death (Levin et al., 2006). The 
recalcitrant DA toxin is not destroyed by means of cooking or freezing. 
DA is a glutamate analog; thus DA toxicity occurs via high affinity binding and 
activation of DA to the kainate and AMPA receptors (Lefebvre, Dovel, & Silver, 2001; 
Twiner et al., 2012). The glutamate receptor is found in high concentrations in the brain 
and chronic DA exposure leads to improper neuronal firing and degeneration and 
necrosis in the hippocampus, septum and olfactory bulb (Peng & Ramsdell 1996). DA 
related disease progression, though, is largely attributed to dose, age, intensity, pre-
existing immune status, exposure duration and differential distribution of the glutamate 
receptors. 
An emergence of DA recovery in southwestern Florida dolphins is likely 
indicative of an overall greater frequency and abundance of DA producing algal species 
than previously reported (Ferrante et al., 2013; Twiner et al., 2011). An increase in the 
frequency of DA producing algal blooms, additionally, increases the likelihood of animal 
and human exposure to DA. HAB toxins present a serious threat to wildlife, fisheries and 
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public health.  As human health impacts in chronic low-level DA exposures is becoming 
a growing concern, studies on marine mammals that share the same prey base as humans 
have the ability to illustrate the effects of HAB toxins on human health. 
EC50 values, or the concentration of toxicant resulting in half of baseline and 
maximal response, is calculated at 3.6 µg DA/g and 5.0 µg DA/g for fish and mice, 
respectively; thus demonstrating that fish such as Danio rerio (Zebrafish) exhibit similar 
neurologic sensitivity as mammals in the case of DA exposure (Lefebvre et al., 2001). 
Furthermore, Zebrafish are model organisms for genetic study, as well as in elucidating 
neurotoxicity and mechanisms of human disease (Tiedeken, Ramsdell, & Ramsdell, 
2005).  Using Zebrafish as model organisms, this study focuses on microbiomic and 
transcriptional shifts in zebrafish response to varying DA concentration exposures. 
Materials and Methods 
Zebrafish 
Wild type Zebrafish were obtained from Zebrafish International Research Center 
(ZIRC). Fish were kept on a 14:10 (hr) light-dark cycle and were on a once a day feed 
cycle. Zebrafish were sexed and only female Zebrafish were selected for in this study. 
Sexing a female Zebrafish involves visual identification of a more rounded and enlarged 
belly versus a noticeable and identifiable tapering body to caudal fin in males. Female 
identification was ultimately confirmed via dissection and identification of ovaries. In 
total, 36 female Zebrafish were used for this study. 
Water Quality Maintenance 
Water quality measured for this study included: temperature (maintained at 25C), 
pH (maintained at 8.0), DO (maintained at 7mg/L) and salinity (maintained at 0.5g/L). 
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Water quality was measured and maintained at the following Aquatic Habitat (AHAB) 
protocols. In a step wise progression, water sterilization mechanisms begin with: 
1.mechanical filtration through pre-filter pads (pore size 150μm); 2.biological 
contaminants are filtered out via the flow through of a sump/biofilter containing react-
balls; 3.water is pumped through filter/charcoal bags having varying pore sizes (50 to 
100μm) for further mechanical and chemical (dissolved organic matter) filtration; 4.at a 
steady flow through rate circulates through a UV sterilizer; 5.filtered and sterilized water 
is distributed to tanks (Figure 23). 
Exposure Chamber 
Fish exposure (Figure 24) was conducted in an incubator in order to control 
temperature and light-dark cycles. Incubator temperature was maintained at 25C. 
Beginning at 0400 hours, a 16:8 light-dark cycle was used. The incubator was also 
outfitted with a large bubbler that was further divided into a PVC constructed pipeline 
capable of providing a consistent supply of air to each tank housed within the incubator. 
To eliminate bacterial environmental cross contamination several sterility 
precautions were implemented previous to the exposure.  The incubator, for instance, was 
treated with a 10% bleach solution. Tanks used to house fish, in stepwise fashion, were: 
1.washed and scrubbed with liquinox, then rinsed; 2.soaked in 10% HCl overnight; 3.rinsed 
thoroughly with distilled water; 4.rinsed three times with hexane; 5.rinsed five times with 
dichloromethane; 6.Rinsed thoroughly with tap water; 7.; rinsed three times with acetone; 
8.rinsed three times with distilled water 10 and air dried.  
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Domoic Acid 
DA used in this exposure was purchased from Sigma (Sigma Aldrich - D6152). 
Exposure consisted of 3 treatment groups: control (0 µg DA/g fish), low (0.733 µg DA/g 
fish) and high (1.32 µg DA/g fish). Control, low and high DA doses were sent to Seattle, 
WA NOAA laboratory for dose re-quantification and confirmation via HPLC (Figure 25). 
Being run in quadruplicate, each treatment group consisted of 4 tanks and each tank 
contained 3 fish. 
Exposure 
DA exposure occurred via injection between the pectoral fin and midline of each 
individual fish.  A Hamilton automatic injector was used to inject 10 µl of the appropriate 
DA concentration per treatment group. Exposure duration was set for 24 hours. At the 
conclusion of exposure fish were euthanized and dissected. Organs collected in dissection 
include: brain, ovaries, liver, intestines and gills. Dissected organs were immediately 
placed, stored and preserved in RNA later for subsequent microbial work up. One tank 
per treatment group was video recorded for behavioral analysis. 
Post exposure, the fish were monitored at 30 minute intervals to check for 
mortality. Mortality was defined as an absolute lack of voluntary movement and 
responsiveness. If mortality occurred, the fish was immediately removed from the system 
and target organs were dissected. Mortality work up was immediate to prevent an 
opportunistic microbial shift. 
RNA Extraction and Amplification/qPCR 
Total RNA was extracted from zebrafish brain via a trizol treatment (Invitrogen: 
15596). Purified RNA concentration and purity was assessed via Nanodrop. RNA 
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concentrations were standardized to 50ng/µl per sample and were reverse transcribed via 
Platinum Taq DNA Polymerase (product number: 10966) following manufacturer 
suggested reverse transcription protocols. 
qPCR was accomplished via Fast SYBR Green Master Mix (product number: 
4385616) following manufacturer suggested protocols. Forward and Reverse custom 
primers for genes of interest were designed and obtained through Integrated DNA 
Technologies. Primer sets standardized to 10µM targeted 7 genes (ACIN1b, DUSP2, 
GABA, GLUD1a, MIDN, NSFA, SYT11a) representative of 3 regulatory functions 
(nervous system, glutamate related, apoptosis) specifically (Table 6). 18S gene 
expression levels were calculated to assess relative quantification for target gene 
expression values via 7500 Fast Real Time PCR. 
DNA Extraction and Amplification for Bacteriomics 
gDNA was extracted via the MoBio UltraClean Tissue and Cells DNA Isolation 
Kit (product number: 12334). In short, homogenization and extraction was accomplished 
via bead and proteinase K treatment, respectively. gDNA was then concentrated, purified 
and ultimately eluted via column purification and a series of wash steps. gDNA yield and 
purity was assessed via 260/280 readout on Nanodrop. 
16S rDNA Profiling by MiSEQ Pyrosequencing 
DNA extracted from zebrafish intestines was amplified using primers that 
targeted the V1-V3 regions of the 16S rRNA gene.  These primers included the i5 and i7 
adaptor sequences for Illumina MiSEQ pyrosequencing as well as unique 8 bp indices 
incorporated onto both primers such that each sample receives its own unique barcode 
pair. This method of incorporating the adaptors and index sequences onto the primers at 
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the PCR stage provided minimal loss of sequence data when compared to previous 
methods that would ligate the adaptors to every amplicon after amplification. This 
method also allows generating sequence reads which are all in the same 5’-3’ orientation.  
Using approximately 100ng of extracted DNA, the amplicons were generated with 
Platinum Taq polymerase (Life Technologies, CA) and by using the following cycling 
conditions:  95°C for 5min for an initial denaturing step followed by 95°C for 30 sec, 
55°C for 30 sec, 72°C for 30 sec for a total of 35 cycles followed by a final extension 
step of 72°C for 7 min then stored at 4°C.  Once the PCR for each sample was completed, 
the amplicons were purified using the QIAquick PCR purification kit (Qiagen Valencia, 
CA), quantified using Tecan fluorometric methods (Tecan Group Mannedorf, 
Switzerland), normalized, and then pooled in preparation for bridge amplification 
followed by Illumina MiSEQ sequencing using the dual index 2x300 bp format (Roche, 
Branford, Connecticut) following the manufacturer’s protocol. 
16S Analysis and Biostatistics 
In the first step of data processing, the generated sequence data were deconvolved 
using the sample barcodes to identify sequences from each of the samples. Barcode, 
primer, and adaptor sequences were also trimmed as part of this step. PCR artifacts 
“chimeras” were identified using the ChimeraSlayer program 
(http://microbiomeutil.sourceforge.net; reference 
http://genome.cshlp.org/content/21/3/494.long), and removed prior to downstream 
analysis. The resulting deconvoluted and filtered sequence data were assigned taxonomy 
(to the genus level) using the Ribosomal Database Project (RDP) classifier and the genera 
classifications were used to generate a sample-genus count matrix. Operational 
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Taxonomic Unit (OTU) analysis of these sequences was performed as follows: sequences 
were processed (trimmed) using the Mothur software and subsequently clustered at 97% 
sequence identity using cd-hit to generate OTUs. The OTU memberships of the 
sequences were used to construct a sample-OTU count matrix. The samples were 
clustered at genus and OTU levels using the sample-genus and sample-OTU count 
matrices respectively. For each clustering, Morisita-Horn dissimilarity was used to 
compute a sample distance matrix from the initial count matrix, and the distance matrix 
was subsequently used to generate a hierarchical clustering using Ward’s minimum 
variance method. The Wilcoxon Rank Sum test was used to identify OTUs that had 
differential abundance in the healthy and polyp sample groups. Species diversity, species 
abundance and an estimate of the total number of species at each treatment level were 
assessed via the inverse of Simpson’s measure, Chaos’ measure and Chao’s estimate, 
respectively. 
 
 
 
Figure 21. Flow chart showing water sterilization in zebrafish domoic acid exposure 
study. 
Biological and chemical contaminants were filtered/sterilized via mechanically and chemically filtration mechanisms.  
Pre-Filter Pads Sump/Bio-filter Filter Bag/Charcoal UV sterilizer 
Tanks 
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Figure 22. The zebrafish/domoic acid exposure chamber. 
This exposure chamber allowed for control, low and high exposures to be run simultaneously. Exposures were run in quadruplicate 
with 3 fish per tank. 
 
Figure 23. Domoic Acid concentration values confirmed by Seattle, WA NOAA 
laboratories via HPLC. 
Compared with the Lefebvre et al. (2009) Ec50 values, HPLC confirmed that control, low and high values were 0.0ug/g, 0.7ug/g and 
1.3ug/g, respectively. 
zebrafish 
X  1.3 µg/g 
X  0.7 µg/g 
High dose 
Low dose 
* 
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Table 6  
Target gene related information in zebrafish exposed to domoic acid study.  
Gene Name Regulatory 
Function 
Primer (F/R) Amplicon 
size 
Danio rerio GABA (A) 
Receptor Associated Protein a 
(gabarapa a) 
Nervous 
System 
F: CATTTTTACTCCGCACCGCC 
R: GTCTGTGCAAATAGGGTGGC 
86 
Danio rerio Synaptotagmin X1 
(syt 11a) 
Nervous 
System 
F: TGTGGGTCCTCCTAGACTGG 
R: GAGACTGTAAGGAGACGCCG 
118 
Danio rerio N-ethylmaleimide-
Sensitive factor a 
(nsfa) 
Nervous 
System 
F: AGACAGGAGACGCTTTCAACC 
R: 
TATGAAGTGTGATCTCCGTCAGG 
115 
Danio rerio Midnolin 
(midn) 
Nervous 
System 
F: AGAAGGAAAGATCGCGCTGG 
R: 
TGCATATTCTGCAAGTGTAGTCC 
70 
Danio rerio Glutamate 
dehydrogenase 1a 
(glud1a) 
Glutamate  F: GAGAGACAACGGGGAATGGG 
R: GGTCATTAGTGAGGCGAGGG 
139 
Danio rerio Apoptotic 
chromatin condensation 
inducer 1b transcript variant 
X1 
(acin1b) 
Apoptosis F: CAGAAGTTCGAGCGAGAGGC 
R: GAGCCCTCTTTCTTCCAGGG 
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Danio rerio dual specificity 
phosphatase 2 
(dusp2) 
Apoptosis F: TCTGGCGTACCTCATTCACG 
R: GGCACAAAACATCCGTCTCG 
137 
Gene name (and common name), regulatory function, primer sequence and amplicon bp length of 7 targeted genes in the qPCR 
portion of the zebrafish domoic acid exposure study. 
Results 
Behavioral Analysis 
1 tank per exposure was recorded from time point 0 .00 hours to 24.00 hours, post 
domoic acid injection (Figure 26). Control tank fish exhibited no abnormal or DA 
intoxication swimming post injection. Low concentration exposed fish exhibited DA 
intoxication via abnormal swimming at approximately 8 minutes post DA exposure. 
Abnormal swimming for low concentration exposed fish included: erratic swimming, 
spiral swimming and upside down swimming. High concentration exposed fish exhibited 
DA intoxication via abnormal swimming at less than 1minute post DA exposure. 
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Abnormal swimming for high concentration exposed fish included: erratic swimming, 
spiral swimming, upside down swimming and prolonged paralysis like states. 
Bacteriomic Analysis 
On the phylum level the control and low DA exposures showed more abundant 
Proteobacteria and less abundant Firmicutes for both the control and low DA exposed 
group; whereas lower abundance of Proteobacteria and higher abundance of Firmicutes 
was observed in the high DA exposed groups. On the class level, additionally, the control 
and low DA exposures showed more abundant Gammaproteobacteria; whereas lower 
abundance of Gammaproteobacteria was observed in the high DA exposed groups. On 
the order level, furthermore, the control and low DA exposures shoed more abundant 
Altermondales and unclassified Gammaproteobacteria and less abundant Vacillates and 
Campylobacterales; whereas lower abundance of Altermondales and unclassified 
Gammaproteobacteria and higher. On the genus level, Finally, helicobacter was only 
present in high DA treatment groups. V1-V3 amplification and sequence analysis yielded 
bacterial taxa present at the genera level via Wilcox rank summed tests for OTU 
abundance (Figure 27, 28 and 29). 
V4 amplification and sequence analysis (data not shown) showed much similarity 
in the control and low clustering and the spread out or sporadic nature of the high 
treatment group. V4 analysis, additionally, did show significant increased presence of 
Dechloromonas and unclassified vibrio species. V4 analysis, though, did not yield 
helicobacter in the recovered dataset. 
Sampson’s measure, Chao’s measure and Chaos estimate were applied to 
measure: species diversity (Figure 30), species abundance (Figure 31) and estimate the 
 116 
total number of species at each treatment level (Figure 32), respectively. The R vegan 
package was used to do this analysis. The plots are split into sub-plots, each sub plot uses 
data from a single taxon level, and splits the data on the horizontal axis by treatment. The 
vertical axis is a measure of abundance or diversity, depending on the plot. 
    
Figure 24. Exposure groups were video recorded for behavioral analysis. 
Control displayed no symptomatic swimming throughout exposure duration. Low exposed fish displayed delayed paralysis like 
symptoms. High exposed fish showed immediate symptomatic spiral swimming. 
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Figure 25. Genera recovered in V1-V3 control treatment group. 
The above pie chart demonstrates proportions of genus recovered in the ZF DA study, control treatment group. 
Genus Control Treatment Group
V1-V3 
Actinomyces Rothia
Mycobacterium Propionibacterium
unclassified Genus of Actinomycetales Bacteroides
Porphyromonas Prevotella
unclassified Genus of Prevotellacae Fluviicola
Cloacibacterium Flavobacterium
unclassified Genus of Candidatus_Saccharibacteria unclassified Genus of Bacillariophyta
unclassified Genus of Streptophyta Bacillus
Staphylococcus unclassified Genus of Bacillales
Facklamia Globicatella
Enterococcus Lactobacillus
Streptococcus unclassified Genus of Lactobacillales
Anaerosporobacter Clostridium_sensu_stricto
Mogibacterium Acetobacterium
Clostridium_XI Clostridium_XVIII
Veillonella unclassified Genus of Firmicutes
Cetobacterium Fusobacterium
Bosea Hyphomicrobium
Thermovum Gemmobacter
unclassified Genus of Rhodobacterales Blastomonas
Sphingobium Sphingomonas
Castellaniella Chitinimonas
Limnobacter Aquabacterium
Acidovorax Diaphorobacter
unclassified Genus of Comamonas unclassified Genus of Burkholderiaceae
Aquaspirillum unclassified Genus of Neisseriaceae
Azoarcus Dechloromonas
Zoogloea Helicobacter
Aeromonas Shewanella
unclassified Genus of Altermonadales Rheinheimera
unclassified Genus of Chromatiales Citrobacter
Plesiomonas Serratia
unclassified Genus of Enterobacteriaceae Legionella
Acinetobacter Enhydrobacter
Cellvibrio Pseudomonas
unclassified Genus of Pseudomonadaceae unclassified Genus of Pseudomonadales
Listonella Vibrio
unclassified Genus of Vibrionaceae Dyella
unclassified Genus of Xanthomonadaceae unclassified Genus of Gammaproteobacteria
unclassified Genus of Proteobacteria Mesoplasma
Mycoplasma unclassified Genus of Mycoplasmataceae
unclassified Genus of Mollicutes Opitutus
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Figure 26. Genera recovered in V1-V3 low treatment group. 
The above pie chart demonstrates proportions of genus recovered in the ZF DA study, low treatment group. 
Genus Low DA Treatment Group
V1-V3 
Propionibacterium unclassified Genus of Solirubrobacterales
Porphyromonas Prevotella
Fluviicola Chryseobacterium
Cloacibacterium Flavobacterium
Bacillus Exiguobacterium
Staphylococcus unclassified Genus of Bacillales
Enterococcus Lactobacillus
Streptococcus Anaerosporobacter
Clostridium_sensu_stricto Mogibacterium
Acetobacterium Clostridium_XlVa
Clostridium_XI Peptostreptococcus
Clostridium_XVIII Veillonella
unclassified Genus of Firmicutes Cetobacterium
Fusobacterium Brevundimonas
Caulobacter Bosea
Pleomorphomonas Rhizobium
unclassified Genus of Rhizobiales Rhodobacter
unclassified Genus of Rhodobacterales Sphingobium
unclassified Genus of Alphaproteobacteria Castellaniella
Chitinimonas Limnobacter
Acidovorax Diaphorobacter
unclassified Genus of Comamonas unclassified Genus of Burkholderiaceae
Aquaspirillum Neisseria
Dechloromonas Methyloversatilis
Helicobacter Aeromonas
unclassified Genus of Aeromonadaceae Paraferrimonas
Shewanella unclassified Order of Altermonadales
Rheinheimera unclassified Genus of Chromatiales
Citrobacter Plesiomonas
Serratia unclassified Genus of Enterobacteriaceae
Haemophilus Acinetobacter
Enhydrobacter Cellvibrio
Pseudomonas unclassified Genus of Pseudomonadaceae
unclassified Genus of Pseudomonadales Listonella
Vibrio unclassified Genus of Vibrionaceae
Dyella Pseudoxanthomonas
unclassified Genus of Xanthomonadaceae unclassified Genus of Gammaproteobacteria
Brevinema Mesoplasma
Mycoplasma unclassified Genus of Mycoplasmataceae
unclassified Genus of Mollicutes Opitutus
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Figure 27. Genera recovered in V1-V3 high treatment group. 
The above pie chart demonstrates proportions of genus recovered in the ZF DA study, high treatment group.  
Genus High DA Treatment Group
V1-V3 
Actinomyces Corynebacterium
Ornithinimicrobium Rothia
Mycobacterium Williamsia
Nocardioides Propionibacterium
unclassified Genus of Solirubrobacterales unclassified Genus of Actinobacteria
unclassified Genus of Ohtaekwangia Bacteroides
Parabacteroides Porphyromonas
Chryseobacterium Cloacibacterium
Flavobacterium unclassified Genus of Bacteriodetes
unclassified Genus of Candidatus_Saccharibacteria Herpetosiphon
unclassified Genus of Thermomicrobia unclassified Genus of Bacillariophyta
Bacillus Listeria
Planomicrobium Rummeliibacillus
Staphylococcus unclassified Genus of Bacillales
Enterococcus Lactobacillus
Streptococcus unclassified Genus of Lactobacillales
Anaerosporobacter Clostridium_sensu_stricto
Mogibacterium Clostridium_XVIII
Erysipelothrix Solobacterium
unclassified genus of Erysipelotrichaceae Veillonella
unclassified Genus of Firmicutes Cetobacterium
Nitrospira Blastopirellula
Planctomyces unclassified Genus of Plantomycetaceae
Brevundimonas unclassified Genus of Caulobacterales
Bosea unclassified Genus of Rhizobiales
Methylobacterium Mesorhizobium
Thermovum Rhizobium
unclassified Genus of Rhizobiales Gemmobacter
Pannonibacter Paracoccus
Rhodobacter Roseomonas
Dongia Altererythrobacter
Blastomonas Novosphingobium
Sphingobium Sphingomonas
Sphingopyxis unclassified Genus of Alphaproteobacteria
Castellaniella unclassified Genus of Alcaligenaceae
Chitinimonas Limnobacter
Aquabacterium Acidovorax
Comamonas Delftia
Diaphorobacter unclassified Genus of Comamonas
Massilia Naxibacter
unclassified Genus of Burkholderiaceae Aquaspirillum
Neisseria Azospira
Dechloromonas Methyloversatilis
Zoogloea Helicobacter
Aeromonas Shewanella
unclassified Order of Altermonadales Rheinheimera
unclassified Genus of Chromatiales Escherichia/Shigella
Plesiomonas Serratia
unclassified Genus of Enterobacteriaceae Haemophilus
Acinetobacter Enhydrobacter
Psychrobacter Pseudomonas
unclassified Genus of Pseudomonadaceae Listonella
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Figure 28. Sampson’s measure was applied to identify species diversity per taxon level 
per treatment. 
Taxon level 1 refers to phylum through taxon level 6 refers to genus; shaded points refer to the total number of OTU counts per 
sample and indicative of reliability. 
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Figure 29. Chao’s measure was applied to identify species abundance per taxon level per 
treatment. 
Taxon level 1 refers to phylum through taxon level 6 refers to genus; shaded points refer to the total number of OTU counts per 
sample and indicative of reliability. 
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Figure 30. Sampson’s estimate was applied to the total number of species per taxon level 
per treatment. 
Taxon level 1 refers to phylum through taxon level 6 refers to genus; error bars show the uncertainty in the estimated number of 
species per group. 
Discussion 
This study took a three-pronged approach to DA toxicity. The goals of this study, 
included: 1.a bacteriomic shift or response to the exposure of DA in varying 
concentrations in zebrafish; 2.a transcriptional shift or response to the exposure of DA in 
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varying concentrations in zebrafish; 3.a behavioral analysis via video recording to the 
exposure of DA in varying concentrations in zebrafish. 
V1-V3 16S ribosomal signatures provide good coverage and bacterial 
identification to species level in bacteriomic studies. V1-V3 analysis revealed trends 
indicative that high acute DA exposures significantly effects and distorts the naturally 
occurring population of core microbiome bacteria. Low and control treatment groups, for 
instance, displayed tight clustering. High DA treatment groups furthermore typically 
displayed trends opposite of low and control treatment groups and more varied and 
higher bacterial distribution and bacterial community composition within the high DA 
treatment groups. The Sampson’s measure and Chao’s measure, for instance, support a 
subtle trend towards increased diversity or abundance at the high domoic acid treatment 
level. While the lowest taxon level, level 6 (genus), represents the most informative level, 
it can be the least reliable as it represents the level with the most missing data that ends 
up being inferred from other observations.  Nonetheless, fitting an ANOVA model to the 
diversity data for taxon level 6, the difference between high and control is significant at p 
< 0.05. 
OTUs data showing a shift in bacterial community diversity and increased 
bacterial abundance, for instance, demonstrate gut bacterial susceptibility to DA and 
opportunistic bacterial attachment and proliferation, in response to DA exposure. High 
DA treatment groups, for instance, showed an 89.5% increase in helicobacter compared 
to low and untreated groups. H. pylori infection in humans is high in most countries (90% 
in developed countries, 50% in industrialized countries) and responsible for peptic ulcer 
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disease (greater than 90% of duodenal ulcers and up to 80% of gastric ulcers) and gastric 
cancer (2 to 6 fold increased risk of developing gastric cancer and mucosal-associated-
lyphoid-type lymphoma); thus its recovery and increase in abundance in DA treatment 
groups is an important and concerning finding (Center for Disease Control, 2006; 
Duynhoven & Jonge, 2001; Eusebi, Zagari, & Bazzoli, 2014; Malfertheiner et al., 2012). 
High and Low treatment groups, additionally, showed an 89.3% increase in vibrio 
compared to the untreated group. Vibrio is ubiquitous throughout the world and become 
opportunistic infections when natural defense mechanisms are suppressed (Lightner, 
1993). Vibrio infections are becoming increasingly common; vibrio exotoxin can break 
down the wall of the gastrointestinal tract, cause gastroenteritis, kill host immune cells, 
septicemia and death (Daniels & Shafaie, 2000; Peddie & Wardle, 2005). Acute and 
chronic exposure to selective pressures is responsible for dysbiosis and well documented 
as being connected disruption of proper metabolic function and disease. 
Unchanged bacterial communities between wild-type and lab reared zebrafish in 
16S rRNA studies suggest zebrafish have a core gut microbiome (Roeselers et al., 2011). 
Our data revealed Υ-Proteobacteria Firmicutes and Fusobacteria, were recovered and 
dominated the zebrafish microbiome in all treatment groups. This finding is consistent 
with reports by several other research groups and also supports the ubiquitous and 
recalcitrant nature of these bacteria in aqueous environments and as common core gut 
microbiota (Gaulke, Barton, Proffitt, Tanguay, & Sharpton, 2016, Stephens et al., 2016). 
At lower taxa levels, consistent bacteria species recovered from all treatment groups 
included: streptococcus, cetobacterium, aeromonas, shewanella and rheinheimera. 
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Unchanged bacterial composition and abundance between treatment groups also helps to 
establish the recalcitrant and resilient nature of core gut microbiota.  As 16S rRNA 
studies and datasets continue to be shared amongst research groups, furthermore, several 
resilient and resistant bacterial groups are beginning to be identified as common members 
of gut microbiomes in wild-type and lab reared zebrafish suggesting a core gut 
microbiome establishes zebrafish as a valuable model system in exposure studies and 
community assembly and maintenance (Roeselers et al., 2011). 
As a smaller target region V4 region amplification targeting and sequence 
analysis allows for better overlap and overall increased quality sequence reads. The V4 
work in this study largely served as confirmatory to the V1-V3 study; V4 analysis did in 
fact support and confirm trends reported via V1-V3 work Targeting only 1 variable 
region, though, reduces resolution; thus V4 targeting, is known, to omit certain clades of 
bacteria. This decrease in resolution explains the lack of helicobacter recovery in the V4 
dataset. More coverage via the targeting and sequencing of the V4 region, though, has 
provided a better view of the microbial population recovered from the coastal and 
offshore bottlenose dolphin skin. Microbiomic data does suggest that a greater disruption 
to the natural core microbiome occurs with greater DA exposure. 
The 7 target genes of interest in the qPCR portion of this study were methodically 
chosen based on the glutamate analogous nature of domoic acid. GABA, SYT11a, NSFA 
and MIDN, for instance, are nervous system related genes. With the improper neuronal 
stimulation and firing associated with DA intoxication, it is conceivable that DA 
exposure could lead to nervous system gene regulation. GLUD1a, additionally, is a 
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glutamate related gene. As a glutamate analogue, it is again conceivable that DA 
exposure and intoxication could lead to glutamate related gene regulation. GLUD1a, 
ACIN1b and DUSP2, furthermore, are apoptotic related genes. In response to DA 
exposure and intoxication, cell death likely occurs. Whether or not cell death is occurring 
in a regulated and systematic fashion or uncontrolled and unorganized manor is likely a 
function of exposure duration and exposure amount. The Transcriptional shifts 
determined via qPCR work on zebrafish recovered brains 24 hours post exposure yielded 
trends, though not significant. Trends in the transcriptional shifts of zebrafish exposed to 
DA suggest greater decreases in transcription in response to low DA exposures. 
Compared to low DA exposures, high DA exposures displayed general trends towards 
increased transcription. It is important to point out, though, that significant transcriptional 
responses were generally not observed, likely attributable to the inherent characteristics 
of DA. The pharmacokinetic properties (i.e. small molecular weight and hydrophyllicity) 
of DA, for instance, likely facilitate in rapid biotransformation and rapid elimination of 
DA (Twiner et al., 2011). Thus, the trends seen and lack thereof overwhelming 
transcriptional shifts are likely due to the zebrafish having cleared the DA and being in a 
recovery phase at the 24 hour point. This is also supported by the behavioral analysis of 
this study. At approximately 344 minutes post domoic acid exposure, for instance, 
normal swimming behavior was observed in the high treatments. Future studies focused 
on zebrafish transcriptional shifts in response to DA exposure may want to focus conduct 
their studies on a shorter time lapse post initial exposure. 
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Behavioral observations via video recording largely supported behavioral 
hypothesis and previous zebrafish DA exposure studies. As expected, for instance, 
control groups showed no adverse swimming patterns while low treatment groups and 
high treatment groups showed delayed and immediate adverse swimming patterns, 
respectively. Low treatment groups also displayed quicker recovery (via normal 
swimming patterns) compared to high treatment groups. 
Acute DA exposure has been widely documented as deleterious to marine and 
terrestrial animals alike. Marine animals are most at risk to DA toxicity via direct (dermal 
or ingestion) or indirect (biomagnification and bioaccumulation) exposure. Exposures via 
the ingestion of DA contaminated seafood or the inhalation of aerosolized DA is also 
problematic to terrestrial animals. DA accumulation poses significant health problems or 
death in acute exposures. The impact of long term low level, repetitive exposures to DA, 
furthermore, is currently unknown. Zebrafish, furthermore, are model organisms that 
allow for experimental transfer and understanding of DA toxicity in marine and terrestrial 
animals. 
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CHAPTER VII – SUMMARY 
Future Studies and Areas of Focus 
Future research groups having access to wild, captive and stranded dolphins 
should continue to study and compare: (1) sera/tissue collected from live capture-release 
programs for bottlenose dolphins, (2) sera/tissue from captive dolphins and (3) sera/tissue 
collected from freshly stranded bottlenose dolphins. Sera/tissue collected from live 
capture and release programs should continue to be studied as outlined in this 
dissertation. 
Stranded and dead dolphins should receive complete gross and microscopic 
pathologic analysis. Dead dolphins should undergo a full gross and histopathologic 
necropsy. Clinical signs consistent with DMV exposure and infection include: severe 
pneumonia, syncytia formation, and necrosis of the bronchial and bronchiolar 
epithelium. Acidophilic intracytoplasmic inclusion bodies, additionally, will be 
present in the bronchial and bronchiolar epithelium. Additional post mortem 
samples collected should also include: lung, heart, tissue, spleen lymph nodes, thymus, 
gastrointestinal tract, pancreas, kidney, adrenal gland, brain, reproductive tract, skeletal 
muscle, skin, pleural Fluid, and pulmonary lymph node. Collected samples should be 
stored and transferred in general and pathogen type specific medium. 
Future studies should also take into consideration pathogen community structure 
in water samples at collection sites. Surface neutral and subsurface water samples should 
be collected in acid washed carboys by immersion. Exposure to UV radiation and high 
temperatures can damage nucleic acids and protein walls (Wetz et al., 2004). Water 
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samples, therefore, should be collected in dark collection containers, and kept in the dark 
until analysis. For viral analysis water should be passed through two 142-mm- diameter 
glass fiber filters (MSF GC50; nominal pore size, 1.2 µm) arranged in parallel and a 0.2-
µm-pore-size polycarbonate Nuclepore cartridge filter into another 200 L polyethylene 
container. 
Viruses maintain static population values in freshly collected decomposed tissues 
as viruses are protected by the nucleocapsid from the degradative properties of nucleases. 
Samples from stranded and recently deceased animals, in virology studies, should occur 
immediately; if samples are not collected in a timely manner viruses can die and/or 
contamination of organ systems may occur from the onset of secondary infections. 
Viromics studies, though, do not distinguish between active infectious viral agents and 
non-viable viruses or transient viruses. Thus, after a putative or baseline bottlenose 
dolphin viruses database has been established, the investigating researcher should include 
a titer level or qPCR approach in assessing viral impact on bottlenose dolphin health. 
Bacterial studies and analysis on ill or stranded dolphins will continue to be 
problematic for researching scientists. As bacteria continues to emerge as major 
contributors as primary or secondary infectious agents in dolphin stranding events places 
inherent value in bacterial studies in the bottlenose dolphin.  
The recalcitrant, accumulative and acute/long-term consequences of pollutants 
and toxicants establishes immediate importance in bottlenose dolphin toxicity studies. 
Future studies should include biochemical approaches to collected bottlenose dolphin 
samples and their prey to further illustrate a bottlenose dolphin and prey relationship in 
 130 
 
respect to pollutants and toxicants. These studies will identify dolphin prey as potential 
reservoirs and provide insight on ingestion transmission pathways of pollutants and 
toxicants in the bottlenose dolphin. The identification and characterization of 
contaminants and toxicants associated with bottlenose dolphin prey items, furthermore, 
have the potential to elucidate a bottom up approach in regards to transmission pathways 
of contaminants and toxicants in the bottlenose dolphin. 
Concluding Remarks 
In the absence of an epizootic outbreak, dolphins likely maintain infectious agents 
at subclinical levels. Current serological detection methods, though, can be time 
consuming, inefficient and inconclusive due to lack of specificity and cross-reactivity of 
neutralizing antibodies across a genus. This dissertation focused on molecular technology 
to assess bottlenose dolphin health and behavior and served to establish and advance a 
core bottlenose dolphin microbiome. 
As sentinels for ecosystem health studies on free ranging bottlenose dolphins hold 
tremendous importance. The long-lived, location loyal and top predator bottlenose 
dolphin serves as indicators of positive and negative trends on individual and population 
health. Studies on the bottlenose dolphin, for instance, further the growing ocean and 
human health campaign. In other words studies on the bottlenose dolphin can provide 
insight on anthropogenic impacts and global climate change on coastal communities, 
ecosystems and the world’s oceans. 
Additionally, the reported physiological, behavioral and disease overlap and 
response parallels between humans and the bottlenose dolphins establish a linkage 
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between ocean and human health (Craik, Young, & Cheeseman, 1998; Venn-Watson & 
Ridgway 2007; Venn-Watson, 2014). Oceans and human health is a concept growing 
with tremendous importance studies continue to demonstrate close genetic relationship 
and transmission potential between the ocean and terrestrial biome, particularly with 
marine mammal and human (Nollens et al. 2008). These ocean and human health studies 
provide insight into the pathology, evolution of infectious pathogens while establishing a 
better understanding and proper management of the marine system. 
Emerging and reemerging diseases pose major threats to public health and the 
food supply, economy and environment. Animals and particularly wild animals are 
thought to be the source of the majority of all emerging infections (Brand et al., 2011). In 
fact, 75% of known human pathogens are zoonotic, and the incidences of their associated 
diseases are increasing (Cunningham, 2005). A thorough understanding of microbial 
presence, diversity and influence in a systematic sense provides an epidemiological 
baseline. Our studies, mostly novel in approach and sample type, have contributed to the 
bacterial, viral and toxicological spectrum of the bottlenose dolphin. Studies that continue 
to advance these respective fields engage physicians, veterinarians, scientists and 
biologists towards the improvement and application of One Health for all. 
 
 132 
 
REFERENCES 
Abrahao, J.S., Dornas, F.P., Silva, L.C.F., Almeida, G.M., Boratto, P.V.M., Colson, P., 
Scola, B.L., & Kroon, E.G. (2014). Acanthamoeba polyphaga mimivirus and 
other giant viruses: and open field to outstanding discoveries. Virology Journal, 
11, 1-12. 
Amir, O., Berggren, P., Ndaro, S., & Jiddawi, N. (2005). Feeding Ecology of the Indo-
Pacific bottlenose dolphin (Tursiops aduncus) incidentally caught in the gillnet 
fisheries off Zanzibar, Tanzania. Estuarine Coastal and Shelf Science, 63, 429-
437. 
Apprill, A., Robbins, J., Eren, A.M., Pack, A.A., Reveillaud, J., Mattila, D., Moore, M., 
Niemeyer, M., Moore, K.M.T., & Mincer, T.J. (2014). Humpback whale 
populations share a core skin bacterial community: Towards a health index for 
marine mammals? PLOS ONE, 9, 1-17. 
Asanaka, M., Atmar, R.L., Ruvolo, V., Crawford, S.E., Neill, F.H., & Estes, M.K. 
(2005). Replication and packaging of Norwalk virus RNA in cultured mammalian 
cells. Proceedings of the National Academy of Sciences, 102, 10327–10332. 
Atlas, R.M., & Hazen, T.C. (2011). Oil Biodegradation and Bioremediation: A Tale of 
the Two Worst Spills in U.S. History. Environmental Science and Technology, 45, 
6709-6715. 
Atmar, R.L., Bernstein, D.I., Harro, C.D., Al-Ibrahim, M.S., Chen, W.H., Ferreira. J., 
Estes, M.K., Graham, D.Y., Opekun, A.R., Richardson, C.R., & Mendelman, 
 133 
 
P.M. (2011). Norovirus Vaccine against Experimental Human Norwalk Virus 
Illness. New England Journal of Medicine, 365, 2178-2187. 
Australian Wildlife Health Network. (2013). Australian cetaceans (whales and dolphins) 
and morbilliviruses (CMV). Retrieved from 
www.wildlifehealthaustralia.com.au/Portals/0/Documents/FactSheets/Morbillivir
uses%20(Whales%20and%20Dolphins)%2012%20Sept%202013%20(1.3).pdf 
Avgil, M., & Omoy, A. (2006). Herpes simplex virus and Epstein-barr virus infections in 
pregnancy: consequences of neonatal or intrauterine infection. Reproductive 
Toxicology, 21, 436-445. 
Bain, L. (2014). Microbiomics: The Next Big Thing. Penn Medicine. 9-13.  
Baird, R.W., Walters, E.L., & Stacey, P.J. (1993). Status of the Bottlenose Dolphin, 
Tursiops truncatus, with special reference to Canada. The Canadian Field-
Naturalist, 107, 466-480. 
Bandin, I., & Dopazo, C. (2011). Host range, host specificity and hypothesized host shift 
events among viruses of lower vertebrates. Veterinary Research, 42, 1-15. 
Banyard, A., Grant, R., Romero, C., & Barrett, T. (2008). Sequence of the nucleocapsid 
gene and genome and antigenome promoters for an isolate of porpoise 
morbillivirus. Virus Research, 132, 213-219. 
Barros, N., & Wells, R. (1998). Prey and Feeding Patterns of Resident Bottlenose 
Dolphins (Tursiops truncates) in Sarasota Bay, FL. Journal of Mammalogy, 79, 
1045-1059. 
 134 
 
Bearzi, M. (2005). Aspects of the ecology and behaviour of bottlenose dolphins (Tursiops 
truncatus) in Santa Monica Bay, California. Journal of Cetacean Resource. 
Management, 7, 75–83. 
Bearzi, G., Fortuna, C.M., & Reeves, R.R. (2008). Ecology and conservation of common 
bottlenose dolphins Tursiops truncatus in the Mediterranean Sea. Mammal 
Review, 10, 1365-2907. 
Bearzi, M., Saylan, C.A., & Hwang, A. (2009). Ecology and comparison of coastal and 
offshore bottlenose dolphins (Tursiops truncatus) in California. Marine and 
Freshwater Research, 60, 584–593. 
Black, F.L. (1991). Epidemiology of paramyxoviruses. In: Kingsbury, D. (Ed.). The 
Paramyzoviruses. (pp. 509-536). New York, NY: Plenum Press. 
Blaise, S., Mangeney, M., & Heidmann, T. (2001). The envelope of Mason–Pfizer 
monkey virus has immunosuppressive properties. Journal of General Virology, 
82, 1597–1600. 
Blanchard. T.W., Santiago, N.T., Lipscomb, T.P., Garber, R.L., McFee, W.E., & 
Knowles, S. (2001). Two novel alphaherpes viruses associated with fatal 
disseminated infections in Atlantic Bottlenose Dolphins. Journal of Wildlife 
Diseases, 2, 297-305. 
Blixenkrone-Moller, B.G., Jensen, T., Harder, T., & Svansson, V. (1996). Comparative 
analysis of the attachment protein gene (H) of dolphin morbillivirus. Virus 
Research, 40, 47-56. 
 135 
 
Bratbak, G., Heldal, M., Thingstad, T.F., & Tuomi, P. (2006). Dynamics of virus 
abundance in coastal seawater. Microbial Ecology, 19, 263-269. 
Breitbart, M., & Rohwer, F. (2005). Here a virus, there a virus, everywhere the same 
virus? Trends in Microbiology, 13, 278-284. 
Bodewes, R., Morick, D., Mutsert, G., Osinga, N., Bestebroer, T., Vliet, S., Smits, S.L., 
Kuiken, T., Rimmelzwaan, G.F., Fouchier, R.A., & Osterhaus, A.D. (2013). 
Recurring Influenza B Virus Infections in Seals. Emerging Infectious Diseases, 
19, 511-512. 
Bosch, A., Sánchez, G., Abbaszadegan, M., Carducci, A., Guix, S., Le Guyader, F.S., 
Netshikweta, R., Pintó, R.M., Poel, W.H.M., Rutjes, S., Sano, D., Taylor, M.B., 
Zy, W.B., Rodríguez-Lázaro, D., Kovač, K., & Sellwood, J. (2011). Analytical 
Methods for Virus Detection in Water and Food. Food Analytical Methods, 4, 4-
12. 
Bossart, G. (2006) Case Study for Marine Mammals as Sentinel Species for Ocean and 
Human Health. Oceanography, 19, 134-137. 
Bossart, G. (2007). Emerging Diseases in Marine Mammals: from Dolphins to Manatees. 
Microbe, 2, 11. 
Bossart, G., Reif, J., Schaefer, A., Goldstein, J., Fair, P., & Saliki, J. (2010). Morbillivirus 
infection in free-ranging Atlantic bottlenose dolphins (Tursiops truncates) from 
the Southeastern United States: Seroepidemiologic and pathologic evidence of 
subclinical infection. Veterinary Microbiology, 143, 160-166. 
 136 
 
Boyera, M.I., Yutinb, N., Pagniera, I., Barrassia, L., Fournousa, G., Espinosaa, L., 
Roberta, C., Azzaa, S., Sunc, S., Rossmannc, M.G., Suzan-Montia, M., La Scolaa, 
B., Kooninb, E.V., & Raoulta, D. (2009). Giant Marseillevirus highlights the role 
of amoebae as a melting pot in emergence of chimeric microorganisms. 
Proceedings of the Natural Academy of Sciences, 106, 21848–21853.  
Brand, J., Leeuwen, M., Schapendonk, C.M., Simon, J.H., Haagmans, B.L., Osterhaus, 
A., & Smits, S.L. (2011). Metagenomic Analysis of the Viral Flora of Pine 
Marten and European Badger Feces. Journal of Virology, 86, 2360-2365. 
Breitbart, M., & Rohwer, F. (2005). Here a virus, there a virus, everywhere the same 
virus? Trends in Microbiology, 13, 78-84. 
Brody, B., & Hunter, E. (1992). Mutations within the env Gene of Mason-Pfizer Monkey 
Virus: Effects on Protein Transport and SU-TM Association. Journal of Virology, 
66, 3466-3475. 
Buck, J.D., Wells, R.S., Rhinehart, H.L., & Hansen, L.J (2006). Aerobic microorganisms 
associated with free-ranging bottlenose dolphins in coastal Gulf of Mexico and 
Atlantic Ocean waters. Journal of Wildlife Diseases, 42, 536–544. 
Burdett, H.L., Rotstein, D.S., Wells, R.S., Allen, J., Barleycorn, A., Balmer, B.C., Lane, 
S.M., Speakman, T.S., Zolman, E.S., Stolen, M., McFee, W., Goldstein, T., 
Rowles, T.K., & Schwacke, L.H. (2012).  Skin Lesions on common bottlenose 
dolphins (Tursiops truncatus) from three sites in the Northwest Atlantic, 
USA.  PLOS ONE, 7, 1-12. 
 137 
 
Burroughs, T., Knobler, S., & Lederberg, J. (2002). The Emergence of Zoonotic 
Diseases:  Understanding the Impact on Animal and Human Health: Workshop 
Summary. Institute of Medicine (US) Forum on Emerging Infections. 
Washington, DC: National Academies Press. 
Bushaw-Newton, K.L., & Sellner, K.G. (1999). Harmful Algal Blooms. NOAA’s state of 
the Coast Report. Silver Spring, MD: NOAA. 
Byarugaba, D.K., Erima, B., Millard, M., Kibuuka, H., Lukwago, L., Bwogi, J., Mimbe, 
D., Mworozi, E.A., Sharp, B., Krauss, S., Webby, R.J., Webster, R.G., Martin, 
S.K., Wabwire-Mangen, F., & Ducatez, M.F. (2013). Genetic analysis of 
influenza B viruses isolated in Uganda during the 2009–2010 seasons. Virology 
Journal, 10, 1-10. 
Carmichael, R.H., Graham, W.M., Aven, A., Worthy, G., & Howden, S. (2012) Were 
Multiple Stressors a ‘Perfect Storm’ for Northern Gulf of Mexico Bottlenose 
Dolphins (Tursiops truncatus) in 2011? PLOS ONE, 7, 1-9. 
Center for Disease Control. (2006). Helicobacter pylori. Fact sheet for health care 
providers. 1-4. Retrieved from 
https://www.cdc.gov/ulcer/keytocure.htm 
Chen, C.C., Jenkins, E., Epp, T., Waldner, C., Curry, P.S., & Soos, C. (2013). Climate 
Change and West Nile Virus in a Highly Endemic Region of North America. 
International Journal of Environmental Research and Public Health, 10, 3052-
3071. 
 138 
 
Chiu, I.M., Andersen, P.R., Aaronson, S.A., & Tronick, S.R. (1983). Molecular cloning 
of the unintegrated squirrel monkey retrovirus genome: organization and 
distribution of related sequences in primate DNAs. Journal of Virology, 47, 434-
441. 
Coates, J.D., Chakraborty, R., Lack, J.G., O'Connor, S.M., Cole, K.A., Bender, K.S., & 
Achenbach, L.A. (2001). Anaerobic benzene oxidation coupled to nitrate 
reduction in pure culture by two strains of Dechloromonas. Nature, 411, 1039-
1043 
Colcher, D., Heberling, R.L., Kalter, S.S., & Schlom, J. (1997). Squirrel monkey 
retrovirus: an endogenous virus of a new world primate. Journal of Virology, 23, 
294-301. 
Colson, P., Yutin, N., Shabalina, S.A., Robert, C., Fournous, G., LaScola, B., Raoult, D., 
& Koonin, E.V. (2011). Viruses with More Than 1,000 Genes: Mamavirus, a New 
Acanthamoeba polyphaga mimivirus Strain, and Reannotation of Mimivirus 
Genes. Genome Biology and Evolution, 3, 737–742. 
Cousens, C., Minguijon, E., Dalziel, R.G., Ortin, A., Garcia, M., Park, J., Gonzalez, L., 
Sharp, J.M., & De las Heras, M. (1999). Complete Sequence of Enzootic Nasal 
Tumor Virus, a Retrovirus Associated with Transmissible Intranasal Tumors of 
Sheep. Journal of Virology, 73, 3986–3993. 
Craik, J.D., Young, J.D., & Cheeseman, C.L. (1998). GLUT-1 mediatian of rapid glucose 
transport in dolphin (Tursiops truncatus) red blood cells. American Journal of 
Physiology, 274, 112-119. 
 139 
 
Cunningham, A.A. (2005). A walk on the wild side-emerging wildlife diseases. British 
Medical Journal, 331, 1214-1215. 
Daniels, N.A., & Shafaie, A. (2000). A Review of Pathogenic Vibrio Infections for 
Clinicians. Infectious Medicine, 10, 665-685. 
Danovaro, R., & Middelboe, M. (2010). Separation of free virus particles from sediments 
in aquatic systems. Manual of Aquatic Viral Ecology, 8, 74-81. 
Davison, A., Eberle, R., Ehlers, B., Hayward, G., McGeoch, D., Minson, A., Pellett, P., 
Roizman, B., Studdert, M., & Thiry, E. (2009). The order Herpesvirales. Archives 
of Virology, 154, 171-177. 
De las Heras, M., Ortín, A., Cousens, C., Minguijón, E., & Sharp, J.M. (2003). Enzootic 
nasal adenocarcinoma of sheep and goats. Current Topics in Microbiology and 
Immunology, 275, 201-23. 
Deeds, J.R., Wiles, K., Heideman, G.B., White, K.D., & Abraham, A. (2010). First US 
report of shellfish harvesting closures due to confirmed okadaic acid in Texas 
Gulf coast oysters. Toxicon, 55, 1138-1146.  
Defran, R.H., & Weller, D.W. (1999). Occurrence, distribution, site fidelity and school 
size of bottlenose dolphins (Tursiops truncatus) off San Diego, California. Marine 
Mammal Science, 15, 94-108. 
Department of the Navy. (2013). Marine Mammal Strandings Associated with U.S. Navy 
Sonar Activities (version 02.20.2013). Space and Naval Warfare Systems Center 
Pacific, San Diego, 35, 1-42. 
 140 
 
Duffus, J.H. (1986). Environmental toxicology and ecotoxicology. Environmental Health 
Series No. 10. World Health Organization, Regional Office for Europe 
Copenhagen, Denmark. 
Duignan, P., House, C., Geraci, J.R., Duffy, N., Rima, B., Walsh, M., Early, G., Aubin, 
D., Sadove, S., Koopman, H., & Rhinehart H. (1995). Morbillivirus infection in 
cetaceans of the western Atlantic. Veterinary Microbiology, 44, 241-249. 
Duynhoven, Y.V., & Jonge, R.D (2001). Transmission of Helicobacter pylori: a role for 
food? Bulletin of the World Health Organization, 2001, World Health 
Organization, 5, 455-460.  
East, J.L., Knesek, J.E., Allen, P.T., & Dmochowski, L. (1973). Structural characteristics 
and nucleotide sequence analysis of genomic RNA from RD-114 virus and feline 
RNA tumor viruses. Journal of Virology, 12, 1085-1091. 
El-Sebelgy, M.M., Ahmed, B.M., Ata, N.S., & Hussein, H.A. (2014). Molecular 
detection and characterization of reticuloendotheliosis virus in broiler breeder 
chickens with visceral tumors in Egypt. International Journal of Veterinary 
Science and Medicine, 2, 21–26. 
Erikson, M., Sodersten, E., Yu, Z., Dalhammar, G., & Mohn, W.W. (2003). Degradation 
of polycyclic aromatic hydrocarbons at low temperature under aerobic and nitrate-
reducing conditions in enrichment cultures from northern soils. Applied 
Environmental Microbiology, 69, 275–284.  
 141 
 
Esperon, F., Fernandez, A., & Sanchez-Vizcaino, J. (2008). Herpes simplex-like infection 
in a bottlenose dolphin stranded in the Canary Islands. Diseases of Aquatic 
Organisms, 81, 73-76. 
European Marine Board. (2013). Linking Oceans and Human Health: A Strategic 
Research Priority for Europe. Position paper 19 of the European Marine Board, 
Ostend, Belgium. 
Eusebi, L.H., Zagari, R.M., & Bazzoli, F. (2014). Epidemiology of Helicobacter pylori 
Infection. Helicobacter, 19, 1523-5378. 
Feltz, E.T., & Fay, F.H. (1966). Thermal requirements in vitro of epidermal cells from 
seals. Cryobiology, 3, 261-264. 
Ferrante, M., Sciacca, S., Fallico, R., Fiore, M., Conti, G.O., & Ledda, C. (2013). 
Harmful Algal Blooms in the Mediterranean Sea: Effects on Human Health. 
Scientific Reports, 2, 1-5. 
Fire, S., & Van Dolah, F.M. (2012). Marine Biotoxins: Emergence of harmful algal 
blooms as health threats to marine wildlife. New directions in conservation 
medicine: applied cases of ecological health. Oxford, UK: Oxford University 
Press.  
Fire, S., Wang, Z., Byrd, M., Whitehead, H.R., Paternoster, J., & Morton, N. (2011). Co-
occurrence of multiple classes of harmful algal toxins in bottlenose dolphins 
(Tursiops truncatus) stranding during an unusual mortality event in Texas, USA. 
Harmful Algae, 10, 330-336. 
 142 
 
Flom, J.O., & Houk, E.J. (1979). Morphologic evidence of poxvirus in “tattoo” lesions 
from captive bottlenose dolphins. Journal of Wildlife Diseases, 15, 593-596. 
Foley, B., Leitner, T., Apetrei, C., Hahn, B., Mizrachi, I., Mullins, J., Rambaut, A., 
Wolinsky, S., & Korber, B. (2013). HIV Sequence Compendium. Published by 
Theoretical Biology and Biophysics Group, Los Alamos National Laboratory, 
NM, LA-UR 13-26007. 
Fong, T., & Lipp, E. (2005). Enteric Viruses of Humans and Animals in Aquatic 
Environments: Health Risks, Detection, and Potential Water Quality Assessment 
Tools. Microbiology and Molecular Biology Reviews, 69, 357-371. 
Franchini, A., Malagoli, D., & Ottaviani, E. (2010). Targets and Effects of Yessotoxin, 
Okadaic Acid and Palytoxin: A Differential Review. Marine Drugs, 8, 658-677. 
Fraser, C.M., & Mays, A. (1986). Management, husbandry and diseases of marine 
mammals. In The Merck veterinary manual, volume 1, 6th edition (Fraser, C.M. & 
Mays, A., ed.). Whitehouse Station, NJ: Merck and Company.  
Fury, C., & Reif, J. (2012). Incidence of poxvirus-like lesions in two estuarine dolphins 
populations in Australia: links to flood events. Science of the Total Environment, 
416, 536-540. 
Gaulke, C.A., Barton, C.L., Proffitt, S., Tanguay, R.L., & Sharpton, T.J. (2016). 
Triclosan Exposure Is Associated with Rapid Restructuring of the Microbiome in 
Adult Zebrafish. PLOS ONE, 11, 1-20. 
Geraci, J.R. (1989). Clinical investigation of the 1987-88 mass mortality of bottlenose 
dolphins along the US Central and South Atlantic Coast final report to National 
 143 
 
Marine Fisheries Service and U.S. Navy office of naval research and Marine 
Mammal Commission. Wildlife Disease Section, Department of Pathology. 1-63. 
Retrieved from 
www.nmfs.noaa.gov/pr/health/mmume/midatlantic2013/geraci-1989.pdf 
Geraci, J.R., Hicks, B.D., & Aubin, D.J. (1979). Dolphin Pox. Canadian Journal of 
Comparative Medicine, 43, 399-404. 
Goldstein, T., Mazet, J.K., Zabka, T.S., Langlois, G., Colegrove, K.M., Silver, M., Bargu, 
S., Van Dolah, F., Leighfield, T., Conrad, P.A., Barakos, C.J., Williams, D.C., 
Dennison. S., Haulena, M., & Gulland, F.M.D. (2008). Novel symptomatology 
and changing epidemiology of domoic acid toxicosis in California sea lions 
(Zalophus californianus): an increasing risk to marine mammal health. 
Proceedings of the Royal Society of London Biological Sciences, 275, 267-276. 
Goodman, J.L. (2013). Marseillevirus, Blood Safety, and the Human Virome. Journal of 
Infectious Diseases, 7, 1039-1041. 
Gottschling, M., Bravo, I.G., Schulz, E., Bracho, M.A., Deaville, R., Jepson, P.D., Van 
Bressem, M.F., Stockfleth, E., & Nindl, I. (2011). Modular organizations of novel 
cetacean papillomaviruses. Molecular phylogenetic and Evolution, 59, 34-42. 
Grant, R., Banyard, A., Barrett, T., Saliki, J., & Romero, C. (2009). Real Time RT-PCR 
assays for the rapid and differential detection of dolphin and porpoise 
morbillivirus. Journal of Virological Methods, 8, 117-123.  
 144 
 
Green, K.Y., Ando, T., Balayan, M.S., Berke, T., Clarke, I.N., Estes, M.K., Matson, 
D.O., Nakata, S., Neill, J.D., Suddert, M.J., &Thiel, H.J. (2000). Taxonomy of the 
caliciviruses. The Journal of Infectious Diseases, 181, 322-330. 
Greenwood, A.G., Harrison, R.J., & Whitting, H.W. (1974). Functional and pathological 
aspects of the skin of marine mammals. In: R.J. Harrison (ed.) Functional 
Anatomy of Marine Mammals, 82-99. 
Grice, E., & Segre, J. (2012). The Human Microbiome: Our Second Genome. Annual 
Review of Genomics and Human Genetics, 13, 151-170. 
Grimes, D.J. (2013). Oceans and Human Health. In. R.A. Meyers (ed.) Encyclopedia of 
Sustainability Science and Technology. New York, NY: Springer. 
Hardy, M.E., & Estes, M.K. (1996). Completion of the Norwalk virus genome sequence. 
Virus Genes, 12, 287-290. 
Hart, L.B., Rotstein, D.S., Wells, R.S., Allen, J., & Barleycorn, A. (2012). Skin Lesions 
on Common Bottlenose Dolphins (Tursiops truncatus) from Three Sites in the 
Northwest Atlantic, USA. PLOS ONE, 7, 1-3. 
Harzen, S., & Brunnick, B. (1997). Skin Disorders in bottlenose dolphins (Tursiops 
truncatus), resident in the Sado estuary, Portugal. Aquatic Mammals, 23, 59-68. 
Hanson, M., & Defran, R. (1993). The behavior and feeding ecology of the Pacific coast 
bottlenose dolphin, Tursiops truncatus. Aquatic Mammals, 19, 127-142. 
Harper, C.M., Dangler, C.A., Xu, S., Feng, Y., Shen, Z., Sheppard, B., Stamper, A., 
Dewhirst, F.E., Paster, B.J., & Fox, J.G. (2000). Isolation and characterization of 
 145 
 
a Helicobacter sp. From the gastric mucosa of dolphins, Lagenorhynchus acutus 
and Delphinus delphis. Applied Environmental Microbiology, 66, 4751–4757. 
Harper, C.G., Feng, Y., Xu, S., Taylor, N.S., Kinsel, M., Dewhirst, F., Paster, B.J., 
Greenwell, M., Levine, G., Rogers, A., & Fox, J.G. (2002). Helicobacter cetorum 
sp. nov., a urease-positive Helicobacter species isolated from dolphins and 
whales. Journal of Clinical Microbiology, 40, 4536–4543. 
Harzen, S., & Brunnick, B. (1997). Skin Disorders in bottlenose dolphins (Tursiops 
truncatus), resident in the Sado estuary, Portugal. Aquatic Mammals, 23, 59-68. 
Haywood, A.J., Scholin, C.A., Marin, R., Steidinger, K.A., Heil, C., & Ray, J. (2007). 
Molecular detection of the brevetoxin-producing dinoflagellate Karenia brevis 
and closely related species using rRNA-targeted probes and a semiautomated 
sandwich hybridization assay. Journal of Phycology, 43, 1271–1286. 
Hewson, I., & Fuhrman, J.A. (2003). Viriobenthos production and virioplankton 
absorptive scavenging by suspended sediment particles in coastal and pelagic 
waters. Microbial Ecology, 46, 337-347. 
Hewson, I., & Fuhrman, J.A. (2008). Viruses, Bacteria and the Microbial Loop. In, 
Nitrogen in the Marine Environment (pp. 1097-1134). New York, NY: Academic 
Press.  
Hicks, B.D., Aubin, D.J., Geraci, J.R., & Brown, W.R. (1985). Epidermal growth in the 
bottlenose dolphin, Tursiops truncatus. The Journal of Investigative Dermatology, 
85, 60-63. 
 146 
 
Hoelzer, K., Fanaselle, W., Pouillot, R., Van Doren, J.M., & Dennis, S. (2013).Virus 
inactivation on hard surfaces or in suspension by chemical disinfectants: 
systematic review and meta-analysis of norovirus surrogates. Journal of Food 
Protection, 76, 1006-1016. 
Houde, M., Pacepavicius, G., Wells, R.S., Fair, P.A., Letcher, R.J., Alaee, M., Bossart, 
G.D., Hohn, A.A., Sweeney, J., Solomon, K.R., & Muir, D.C.G. (2006). 
Polychlorinated Biphenyls and Hydroxylated Polychlorinated Biphenyls in 
Plasma of Bottlenose Dolphins (Tursiops truncatus) from the Western Atlantic 
and the Gulf of Mexico. Environmental Science and Technology, 40, 5860-5866. 
Houde, M., Pacepavicius, J.G., Darling, C., Fair, P.A., Alaee, M., Bossart, G.D., 
Solomon, K.R., Letcher, R.J., Bergman, A.K., Marsh, R., & Muir, D.C.G. (2009). 
Polybrominated Diphenyl Ethers and Their Hyroxylated Analogs in Plasma of 
Bottlenose Dolphins (Tursiops truncatus) from the United States East Coast. 
Environmental Toxicology and Chemistry, 28, 2061–2068. 
Hunt, T.D., Ziccardi, M.H., Gulland, F.M.D, Yochem, P.K., Hird, D.W., Rowles, T., & 
Mazet, J.A.K. (2008). Health risks for marine mammal workers. Diseases of 
Aquatic Organisms, 81, 81-92. 
Jepson, P.D., Tregenza, N., Simmonds, M.P. (2009). Disappearing bottlenose dolphins 
(Tursiops truncatus) – is there a link to chemical pollution? Agreement on the 
Conservation of Small Cetaceans of the Baltic, North Atlantic, Irish and North 
Seas, 60, 1-7. 
 147 
 
Jin, W., Jia, K., Yang, L., Chen, J., Wu, Y., & Yi, M. (2013). Derivation and 
characterization of cell cultures from the skin of the Indo-Pacific humpback 
dolphin Sousa chinensis. In Vitro Cell Developmental Biology Animal, 49, 449-
57. 
Kinross, J., Darzi, A., & Nicholson, J. (2011). Gut microbiome-host interactions in health 
and disease. Genome Medicine. 3, 3-12. 
Koo, H.L., Ajami, N., Atmar, R.L., & DuPont, H.L. (2010). Noroviruses: The Principal 
Cause of Foodborne Disease Worldwide. Discovery Medicine, 10, 61-70. 
Kucklick, J., Schwacke, L,. Wells, R., Hohn, A., Guichard, A., Yordy, J., Hansen, L., 
Zolman, E., Wilson, R., Litz, J., Nowacek, D., Rowles, T., Pugh, R., Balmer, B., 
Sinclair, C., & Rosel, P. (2011). Bottlenose Dolphins as Indicators of Persistent 
Organic Pollutants in the Western North Atlantic Ocean and Northern Gulf of 
Mexico. Environmental Science and Technology, 45, 4270–4277. 
Lachapelle, V., Sohal, J.S., Lambert, M.C., Brassard, J., Fravalo, P., Letellier, A., & 
L’Homme, Y. (2014). Genetic diversity of group a rotavirus in swine in Canada. 
Archives or Virology, 159, 1771–1779. 
Lahaye, V., Bustamante, P., Dabin, W., Van Canneyt, O., Dhermain, F., Cesarini, C., 
Pierce, G.J., & Caurant, F. (2006).New Insights from age determination on toxic 
element accumulation in striped and bottlenose dolphins from Atlantic and 
Mediterranean waters. Marine Pollution Bulletin, 10, 19-30. 
 148 
 
Lefebvre, K.A., Dovel, S.L., & Silver, M.W. (2001). Tissue distribution and neurotoxic 
effects of domoic acid in a prominent vector species, the northern anchovy 
Engraulis mordax. Marine Biology, 138, 693-700. 
Lefebvre, K.A., Silver, M.W., Coale, S.L., & Tjeerdema, R.S. (2002). Domoic acid in 
planktivorous fish in relation to toxic Pseudo-nitzschia cell densities. Marine 
Biology, 140, 625-631. 
Lefebvre, K.A., Tilton, S.C., & Bammler, T.K. (2009). Gene Expression Profiles in 
Zebrafish Brain after Acute Exposure to Domoic Acid at Symptomatic and 
Asymptomatic Doses. Toxicological Sciences, 107, 65-77. 
Lefebvre, K., Powell, C.L., Busman, M., Doucette, G.J., Moeller, P.D.R., Silver, J.B., 
Miller, P.E., Hughes, M.P., Singaram, S, Silver, M.W., & Tjeerdema, R.S. (1999). 
Detection of domoic acid in northern anchovies and California sea lions 
associated with an unusual mortality event. Natural Toxins, 7, 85-92. 
Leroux, C., Chastang, J., Greenland, T., & Mornex, J. (1997). Genomic heterogeneity of 
small ruminant lentiviruses: existence of heterogeneous populations in sheep and 
of the same lentiviral genotypes in sheep and goats. Archive Virology, 142, 1125-
1137. 
Leroux, C., Vuillermoz, S., Mornex, J., & Greenland, T. (1995). Genomic heterogeneity 
in the pol region of ovine lentiviruses obtained from bronchoalveolar cells of 
infected sheep from France. Journal of General Virology, 76, 1533-1537. 
 149 
 
Levin, E.D., Pang, W.G., Harrison, J., William, P., Petro, A., and Ramsdell, J.S. (2006). 
Peristent neurobehavioral effects of easly postnatal domoic acid exposure in rats. 
Nuerotoxicology and Teratology, 28, 673-680.  
Li, J., Yang, C., Li, Q., Li, H., Xia, Y., Liu, D., Yu, K., &Yang, H. (2013). Complete 
genome sequence of reticuloendotheliosis virus strain MD-2, isolated from a 
contaminated turkey herpesvirus vaccine. Genome Announcements, 1, 1-2. 
Lightner, D.V. (1993). Diseases of cultured penaeid shrimp. CRC handbook of 
mariculture, crustacean aquaculture. (pp. 393-486). Baton Rouge, LA: CRC Press. 
Lipscomb, T., Kennedy, S., Moffett, D., Krafft, A., Klaunberg, B., Lichy, J., Regan, G., 
Worthy, G., & Taubenberger J. (1996). Morbillivirus epizootic in bottlenose 
dolphins of the Gulf of Mexico. Journal of Veterinary Diagnostic Investigation, 8, 
283-290. 
Leira, F.J., Vieites, J.M., Botana, L.M., & Vyeites, M.R. (1998). Domoic acid levels of 
naturally contaminated scallops as affected by canning. Journal of Food Science, 
63, 1081–1083. 
Litz, J.A., Baran, M.A., Bowen-Stevens, S.R., Carmichael, R.H., Colegrove, K.M., 
Garrison, L.P., Fire, S.E., Fougeres, E.M., Hardy, R., Holmes, S., Jones, W., 
Mase-Guthrie, B.E., Odell, D.K., Rosel, P.E., Saliki, J.T., Shannon, D.K., 
Shippee, S.F., Smith, S.M., Stratton, E.M., Tumlin, M.C., Whiteheat, H.R., 
Worthy, G.A.J., & Rowles, T.  (2014). Review of historical unusual mortality 
events (UMEs) in the Gulf of Mexico (1990-2009): Providing context for the 
 150 
 
multi-year northern Gulf of Mexico cetacean UME declared in 2010. Diseases of 
Aquatic Organisms, 112, 161-175. 
Lowther-Thieleking, J.L., Archer, F.I., Lang, A.R., & Weller, D.W. (2014). Genetic 
differentiation among coastal and offshore common bottlenose dolphins, Tursiops 
truncatus, in the eastern North Pacific Ocean. Marine Mammal Science, 114, 1-
11. 
Maeno, K. (1994). Replication of Influenza B Virus: Biological Functions of Viral 
Neueaminidase. Medical Science, 57, 1-17. 
Malfertheiner, P., Megraud, F., O'Morain, C.A., Atherton, J., Axon, A.T.R., Bazzoli, F., 
Gensini, G.F., Gisbert, J.P., Graham, D.Y., Rokkas. T., El-Omar, E.M., & 
Kuipers, E.J. (2012). Management of Helicobacter pylori infection −− the 
Maastricht IV/ Florence Consensus Report. Gut, 61, 646-664. 
Maness, H., Nollens, H., Jensen, D., Goldstein, T., LaMere, S., Childress, A., Sykes, J., 
Leger, J., Lacave, G., Latson, F., & Wellehan, (2011). J. Phylogenetic analysis of 
marine mammal herpesviruses. Veterinary Microbiology, 149, 23-29. 
Manire, C.A., Smolarek, K.A., Romero, C.H., Kinse, M.J., Clauss, T.M., & Byrd, L. 
(2006). Proliferative dermatitis associated with a novel alphaherpesvirus in an 
Atlantic bottlenose dolphin (Tursiops truncatus). Journal of Zoo and Wildlife 
Medicine, 37, 174-181. 
Matthijnssens, J., Rahman, M., Clarlet, M., Zeller, M., Heylen, E., Nakagomi, T., Uchida, 
R., Hassan, Z., Azim, T., Nakagomi, O., & Van Ranst, M. (2010). Emerging 
Infectious Diseases, 16, 625-630.  
 151 
 
Mays, J.K., Silva, R.F., Lee, L.F., & Fadly, A.M. (2010). Characterization of 
reticuloendotheliosis virus isolates obtained from broiler breeders, turkeys and 
prairie chickens located in various geographical regions in the United States. 
Avian Pathology, 39, 383-389. 
Maucher, J.M., & Ramsdell, J.S. (2005). Domoic acid transfer to milk: evaluation of a 
potential route of neonatal exposure. Environmental Health Perspective, 113, 
461-464. 
McFee, W.E., & Lipscomb, T.P. (2009). Major pathologic findings and probable causes 
of mortality in bottlenose dolphins stranded in South Carolina from 1993–2006. 
Journal of Wildlife Diseases, 45, 575–593. 
McLaughlin-Drubin, M.E., & Munger, K. (2008). Viruses associated with human cancer. 
Biochimica et Biophysica Acta, 1782, 127-150. 
McLellan, W.A., Friedlander, A.S., Mead, J.G., Potter, C.W., & Pabst, D.A. (2002). 
Analyzing 25 years of bottlenose dolphin (Tursiops truncatus) strandings along 
the Atlantic coast of the USA: do historic records support the coastal migratory 
stock hypothesis? Journal of Cetacean Resource Management, 4, 297-304. 
McNall, J.R., Elliott, E.A., & Bourdelai, A.J. (2014). A New Cytotoxicity Assay for 
Brevetoxins Using Fluorescence Microscopy. Marine Drugs, 12, 4868-4882. 
Medici, K.C., Barry, A.F., Alfieri, A.F., & Alfieri, A.A. (2011). Porcine rotavirus groups 
A, B, and C identified by polymerase chain reaction in a fecal sample collection 
with inconclusive results by polyacrylamide gel electrophoresis. Journal of Swine 
Health and Production, 19, 146-150. 
 152 
 
Miller, W.G. (1996). Morbillivirus infection in bottlenose dolphins: evidence for 
recurrent epizootics in the western Atlantic and Gulf of Mexico. Marine Mammal 
Science, 12, 499-515.  
Miller, W.G., Adams, L.G., Ficht, T.A., Cheville, N.E., Payeur, J.P., Harley, D.R., 
House, C., & Ridgway, S.H. (1999). Brucella-induced abortions and infection in 
bottlenose dolphins (Tursiops truncatus). Journal of Zoological Wildlife 
Medicine, 30, 100-110. 
Miyazawa, T. (2010). Endogenous retroviruses as potential hazards for vaccines. 
Biologicals, 38, 371-376. 
Morozov, V.A., Saal, F., Gessain, A., Terrinha, A., & Périès, J. (1991). Antibodies to 
Gag Gene Coded Polypeptides of Type D Retroviruses in Healthy People from 
Guinea-Bissau. Intervirology, 32, 253–257. 
Morin, P.A., Nestler, A., Rubio-Cisneros, N.T., Robertson, K.M., & Mesnick, S. (2005). 
Interfamilial characterization of a region of the ZFX and ZFY genes facilitates sex 
determination in cetaceans and other mammals. Molecular Ecology, 14, 3275-
3286. 
Morris, A., Beck, J., Schloss, P., Campbell, T., Crothers, K., Curtis, J., Flores, S., 
Fontenot, A., Ghedin, E., Huang, L., Jablonski, K., Kleerup, E., Lynch, S., 
Sodergren, E., Twigg, H., Young, V., Bassis, C., Venkataraman, A., Schmidt, T., 
& Weinstock, G.  (2013). Comparison of the respiratory microbiome in healthy 
nonsmokers and smokers. American Journal of Respiratory and Critical Care 
Medicine, 187, 1067-1075.  
 153 
 
Morris, P.J., Johnson, W.R., Pisani, J., Bossart, G.D., Adams, J., Reif, J.S., & Fair, P.A. 
(2011). Isolation of culturable microorganisms from free-ranging bottlenose 
dolphins (Tursiops truncatus) from the southeastern United States. Veterinary 
Microbiology, 148, 440–447. 
Morrison T. (2001). The three faces of paramyxovirus attachment proteins. Trends in 
Microbiology, 9, 103-105.  
Mos, L. (2001). Domoic acid: a fascinating marine toxin. Environmental Toxicology and 
Pharmacology, 9, 79–85. 
Munn, C. (2006). Viruses as pathogens of marine organisms-from bacteria to whales. 
Journal of the Marine Biological Association of the United Kingdom, 86, 453-
467. 
Nelson, A.M., Elftman, M.D., Pinto, A.K., Baldridge, M., Hooper, P., Kuczynski, J., 
Petrosino, J.F., Young, V.B., & Wobus, C.E. (2013). Murine norovirus infection 
does not cause major disruptions in the murine intestinal microbiota. Microbiome, 
1, 1-11. 
Nishiyama, Y. (1996). Herpesvirus genes: Molecular basis of viral replication and 
pathogenicity. Nagoya Journal of Medicinal Science, 59, 107-119. 
NOAA Fisheries. (2011). NOAA finds bacterial infection as cause of death for five 
northern Gulf dolphins; investigation continues. Retrieved from 
http://www.nmfs.noaa.gov/stories/2011/10/27_dolphin_bacterial_infection_cause
_dolphin_death.html 
 154 
 
NOAA Fisheries. (2013a). Marine mammal unusual mortality event, 2013. Retrieved 
from  
http://www.nmfs.noaa.gov/pr/health/mmume/ 
NOAA Fisheries. (2013b). Brucella infection in whales and dolphins. 2013. Retrieved 
from  
http://www.nmfs.noaa.gov/pr/pdfs/health/brucella.pdf 
NOAA Fisheries. (2015). Cetacean Unusual Mortality Event in Northern Gulf of Mexico 
(2010-present). Retrieved from 
http://www.fisheries.noaa.gov/pr/health/mmume/cetacean_gulfofmexico.htm 
Nollens, H.H., Ruiz, C., Walsh, M.T., Gulland, F.M.D., Bossart, G., Jensen, E.D., 
McBain, J.F., & Wellehan. F.X. (2008). Cross-reactivity between 
immunoglobulin G antibodies of whales and dolphins correlates with evolutionary 
distance. Clinical and Vaccine Immunology, 15, 1547-1554. 
Oda, T., Ikeda, S., Watanabe, S., Hatsushika, M., Akiyama, K., & Mitsunobu, F. (1988). 
Molecular cloning, complete nucleotide sequence, and gene structure of the 
provirus genome of a retrovirus produced in a human lymphoblastoid cell line. 
Virology, 167, 468-476. 
Opinion of the Scientific Panel on Contaminants in the Food chain on a request from the 
European Commission on marine biotoxins in shellfish – okadaic acid and 
analogues. (2008). The European Food Safety Journal, 589, 1-62. 
Orsini, L., Sarno, D., Procaccini, G., Poletti, R., Dahlmann, J., & Montresor, M. (2002). 
Toxic Pseudo-nitzschia multistriata (Bacillariophyceae) from the Gulf of Naples: 
 155 
 
morphology, toxin analysis and phylogenetic relationships with other Pseudo-
nitzschia species. European Journal of Phycology, 37, 247-257. 
Parker, S.D., & Hunter, E. (2001). Activation of the Mason–Pfizer monkey virus protease 
within immature capsids in vitro. Proceeding of the National Academy of 
Sciences, 98, 14631–14636. 
Parsons, M.L., Dortch, Q., & Doucette, G.J. (2013). An assessment of Pseudo-nitzschia 
population dynamics and domoic acid production in coastal Louisiana. Harmful 
Algae. 30, 65-77. 
Paul, J.H., Jiang, S.C., & Rose, J.B. (1991). Concentration of viruses and dissolved DNA 
from aquatic environments by vortex filtration. Applied Environmental 
Microbiology, 57, 2197-2204. 
Peddie, S., & Wardle, R. (2005). Crustaceans: the impact and control of vibriosis in 
shrimp culture worldwide. Aquaculture Health International, 2, 1-5. 
Pedros-Alio, C., Calderon-Paz, J., MacLean, G., Medina, G., Marrase C., & Gasol J., 
Boixereu N. (2000). The microbial food web along salinity gradients. Microbial 
Ecology, 32, 143-155. 
Pellet P.E., & Roizman B. (2007). The Family herpesviridae: A brief introduction. 
Fields’ virology 5th edition. (D.M. Knipe, P. Howley, D.E. Griffin, R.A. Lamb, 
M.A. Martin, B. Roizman, & S.E. Straus. ed.) (pp. 2479-2499). New York, NY: 
Lippincott-Williams and Wilkins. 
 156 
 
Peng, Y.G., & Ramsdell, J.S. (1996). Brain Fos induction is a sensitive biomarker for the 
lowest observe neuroexcitatory effects of domoic acid. Fundamental and Applied 
Toxicology, 31, 162-168. 
Perrin, W.F., Thieleking, J.L., Walker, W.A., Archer, F.I., & Robertson, K.M. (2011). 
Common bottlenose dolphins (Tursiops truncatus) in California waters: cranial 
differentiation of coastal and offshore ecotypes. Marine Mammal Science, 27, 
769-792. 
Pham V., & Kim J. Cultivation of unculturable soil bacteria. Trends in Biotechnology. 
2012, 9, 475-484.  
Pompe-Gotal, J., Srebocan, E., Gomercic, H., & Crnic, A.P. (2009). Mercury 
concentrations in the tissues of bottlenose dolphins (Tursiops truncatus) and 
striped dolphins (Stenella coeruloalba) stranded on the Croatian Adriatic coast. 
Veterinarni Medicina, 12, 598–604. 
Popgeorgiev, N., Boyer, M., Fancello, L., Monteil, S., Robert, C., Rivet, R., Nappez, C., 
Azza, S., Chiaroni, J., Raoult, D., & Desnues, C. (2013). Giant Blood 
Marseillevirus recovered from asymptomatic blood donors. Journal of Infectious 
Diseases, 7, 1-27.  
Popgeorgiev, N., Boyer, M., Fancello, L., Monteil, S., Robert, C., Rivet, R., Nappez, C., 
Azza, D., Chiaroni, J., Raoult, D., & Desnues, C. (2013). Marseillevirus-Like 
Virus Recovered from Blood Donated by Asymptomatic Humans. The Journal of 
Infectious Diseases, 208, 1042-1050. 
 157 
 
Raga, J., Banyard, A., Domingo, M., Corteyn, M., Bressem, M., Fernandez, M., Aznar, 
F., & Barrett, T. (2008). Dolphin Morbillivirus Epizootic Resurgence, 
Mediterranean Sea. Emerging Infectious Diseases, 14, 471-473.  
Rajendhran, J., & Gunasekaran, P. (2010). Human microbiomics. Indian Journal of 
Microbiology, 50, 109-112. 
Ramsdell, J.S., & Gulland, F.M. (2014). Domoic Acid Epileptic Disease. Marine Drugs, 
12, 1185-1207. 
Rehtanz, M., Bossart, G.D., Fair, P.A., Reif, J.S., Ghim, S., & Jenson, A.B. (2012). 
Papillomavirus and herpesviruses: Who is who in genital tumor development of 
free-ranging Atlantic bottlenose dolphins (Tursiops truncatus)? Veterinary 
Microbiology, 160, 297-304. 
Rehtanz, M., Ghim, S., McFee, W., Doescher, B., Fair, P.A., Reif, J.S., Bossart, G.D., & 
Jenson, A.B (2010). Papillomavirus antibody prevalence in free-ranging and 
captive bottlenose dolphins (Tursiops truncatus). Journal of Wildlife Diseases, 46, 
136-145. 
Rehtanz, M., Ghim, S., Rector, A., Ranst, M.V., Fair, P.A., Bossart, G.D., & Jenson, A.B. 
(2006). Isolation and characterization of the first American bottlenose dolphin 
papillomavirus: Tursiops truncatus papillomavirus type 2. Journal of General 
Virology, 87, 3559-3565. 
Reid, S.M., Ansell, D.M., Ferris, N.P., Hutchings, G.H., Knowles, N.J., & Smith, W.A. 
(1999). Development of a reverse transcription polymerase chain reaction 
 158 
 
procedure for the detection of marine caliciviruses with potential application for 
nucleotide sequencing. Journal of Virological Methods, 82, 99-107. 
Reid, A., & Greene S. (2013). Human Microbiome. American Society for Microbiology, 
6, 1-4. 
Rima, B.K., Collin, A.M., & Earle, J.A. (2005). Completion of the sequence of a cetacean 
morbillivirus and comparative analysis of the complete genome sequences of four 
morbilliviruses. Virus Genes, 30, 113-119. 
Rivera, R., Nollens, H.H., Venn-Watson, S., Gulland, F.M., & Wellehan, J.F. (2010). 
Characterization of phylogenetically diverse astroviruses of marine mammals. 
Journal of General Virology, 91, 166-173. 
Rizvi, T.A., Lew, K.A., Murphy, E.C., & Schmidt, R.D. (1996). Role of Mason-Pfizer 
Monkey Virus (MPMV) Constitutive Transport Element (CTE) in the 
Propagation of MPMV Vectors by Genetic Complementation Using 
Homologous/Heterologous Genes. Virology, 224, 517–532. 
Robles-Sikisaka, R., Rivera, R., Nollens, H.H., Leger, J., Durden, W.N., Stolen. M., 
Burchell. J., & Wellehan, J.F. (2012). Evidence of recombination and positive 
selection in cetacean papillomaviruses. Virology, 427, 189-197. 
Roeselers, G., Mittge, E.K., Stephens, W.Z,, Parichy, D.M., Cavanaugh, C.M., 
Guillemin, K., & Rawls, J.F. (2011). Evidence for a core gut microbiota in the 
zebrafish. The International Society for Microbial Ecology, 5, 1595-1608. 
Romancer, M.L., Gaillard, M., Geslin, C., & Prieur, D. (2007). Viruses in extreme 
environments. Reviews in Environmental Science and Bio-technology, 6, 17-31. 
 159 
 
Rowles, T.K., Schwacke, L.S., Wells, R.S., Saliki, J.T., Hansen, L., Hohn, A., Townsend, 
F., Sayre, R.A., & Hall, A.J. (2011). Evidence of susceptibility to morbillivirus 
infection in cetaceans from the United States. Marine Mammal Science, 27, 1-19. 
Royall, E., Doyle, N., Abdul-Wahab, A., Emmott, E., Morley, S.J., Goodfellow, I., 
Roberts, L.O., & Locker, N. (2015). Murine Norovirus 1 (MNV1) Replication 
Induces Translational Control of the Host by Regulating eIF4E Activity during 
Infection. Journal of Biology and Chemistry, 8, 4748–4758. 
Rubio-Guerri, C., García-Parraga, D., Nieto-Pelegrín, E., Melero, M., Álvaro, T., Valls, 
M., Crespo, J.L., & Sánchez-Vizcaíno, J.M. (2015). Novel adenovirus detected in 
captive bottlenose dolphins (Tursiops truncatus) suffering from self-limiting 
gastroenteritis. BioMed Central Veterinary Research, 11, 1-7. 
Saliki, J., & Lehenbauer, T. (2001). Monoclonal Antibody-Based Competitive enzyme-
Linked Immunosorbent Assay for the Detection of Morbillivirus Antibody in 
Marine Mammal Sera. Journal of Clinical Microbiology, 39, 1877-1881. 
Sano, E., Carlson, S., Wegley, L., & Rohwer, F. (2004). Movement of Viruses between 
Biomes. Applied and Environmental Biology, 70, 5842-5846. 
Santiago, M.L., Bibollet-Ruche, F., Bailes, E., Kamenya, S., Muller, M.N., Lukasik, M., 
Pusey, A.E., Collins, D.A., Wrangham, R.W., Goodall, J., Shaw, G.M., Sharp, 
P.M., & Hahn, B.H. (2003). Amplification of a complete simian 
immunodeficiency virus genome from fecal RNA of a wild chimpanzee. Journal 
of Virology, 77, 2233-2242. 
 160 
 
Santos, V.L., Williams, S., Zavala, G., Zhang, J., Cheng, S., Santos, R.L., & Brown, C.C. 
(2009). Detection of reticuloendotheliosis virus by immunohistochemistry and in 
situ hybridization in experimentally infected chicken embryo fibroblasts. Brazil 
Journal of Veterinary Pathology, 2, 29-34.  
Schmidt, J.L., Deming, J.W., Jumars, P.A., Keil, R.G. Constancy of bacterial abundance 
in surficial marine sediments. (1998). Luminology and Oceanography, 43, 976-
982. 
Schwacke, L.H., Smith, C.R., Townsend, F.I., Wells, R.S., Hart, L.B., Balmer, B.C., 
Collier, T.K., De Guise, S., Fry, M.M., Guillette, L.J., Lamb, S.V., Lane, S.M., 
McFee, W.E., Place, N.J., Tumlin, M.C., Ylitalo, G.M., Zolman, E.S., & Rowles, 
T.K. (2014). Health of Common Bottlenose Dolphins (Tursiops truncatus) in 
Barataria Bay, Louisiana, Following the Deepwater Horizon Oil Spill. 
Environmental Science and Technology, 48, 93−103. 
Shaul, N.J., Dodder, N.G., Aluwihare, L.I., Mackintosh, S.A., Maruya, K.A., Chivers, 
S.J., Danil, K., Weller, D.W., & Hoh, E. (2015). Nontargeted biomonitoring of 
halogenated organic compounds in two ecotypes of bottlenose dolphins (Tursiops 
truncatus) from the Southern California Bight. Environmental Science and 
Technology, 49, 1328-1338. 
Shimode, S., Nakagawa, S., & Miyazawa. (2015). Multiple invasions of an infectious 
retrovirus in cat genomes. Scientific Reports, 5, 1-10.   
 161 
 
Short, S.M., & Suttle, C.A. (2002). Sequence analysis of marine virus communities 
reveals that groups of related algal viruses are widely distributed in nature. 
Applied Environmental Microbiology, 68, 1290 –1296. 
Si, K., Kukor, J.J., Oh, K.H., & Kahng, H.Y. (2006). Evaluating the genetic diversity of 
dioxygenases for initial catabolism of aromatic hydrocarbons in Pseudomonas 
rhodesiae KK1. Enzyme and Microbial Technology, 40, 71–78.  
Sierra, E., Zucca, D., Arbelo, M., García-Álvarez, N., Andrada, M., Déniz, S., & 
Fernández, A. (2014). Fatal Systemic Morbillivirus Infection in Bottlenose 
Dolphin, Canary Islands, Spain. Emerging Infectious Diseases, 20, 269-271. 
Smith A.W., & Boyt, P.M. (1990). Caliciviruses of ocean origin: a review. Journal of 
Zoo and Wildlife Medicine, 21, 3-23. 
Smith, A.W., Skilling, D.E., & Brown, R.J. (1980). Preliminary investigations of a 
possible lungworm (Parafilaroides decorus), fish (Girella nigricans), and marine 
mammal (Callorhinus ursinus) cycle for San Miguel sea lion virus Type 5. 
American Journal of Veterinary Research, 11, 1846-1850. 
Smith, A.W., Skilling, D.E., Cherry, N., Mead, J.H., & Matsons, D.O. (1998). Calicivirus 
Emergence from Ocean Reservoirs: Zoonotic and Interspecies Movements. 
Emerging Infectious Diseases, 4, 13-20. 
Smith, A.W., Skilling, D.E., Prato, C.M., & Bray, H.L. (1981). Calicivirus (SMSV-5) 
Infection in Experimentally Inoculated Opaleye Fish (Girella nigricans). Archives 
of Virology, 67, 165-168. 
 162 
 
Smith, A.W., Skilling, D.R., & Ridgeway, S. (1983). Caliciviurs-induced vesicular 
disease in cetaceans and probable interspecies transmission. Journal of the 
American Veterinary Medical Association, 183, 1223-1225. 
Smolarek-Benson, K.A.S., Manire, C.A., Ewing, R.Y., Saliki, J.T., Townsend, F.I., 
Ehlers, B., & Romero, C.H. (2006). Identification of novel alpha- and 
gammaherpesviruses from cutaneous and mucosal lesions of dolphins and whales. 
Journal of Virological Methods, 136, 261-266. 
Sorensen, K.C., Venn-Watson, S., & Ridgway, S.H. (2008). Trace and Non-Trace 
Elements in blood cells of bottlenose dolphins (Tursiops truncatus): variations 
with values from liver function indicators. Journal of Wildlife Diseases, 44, 304–
317. 
Stang, A., Petrasch-Parwez, E., Brandt, S., Dermietzel, R., Meyer, H.E., Stuhler, K., 
Liffers, S.T., Überla, K., & Grunwald, T. (2009). Unintended spread of a 
biosafety level 2 recombinant retrovirus. Retrovirology, 6, 1-6. 
Statnikov, A., Henaff, M., Narendra, V., Konganti, K., Li, Z., Yang, L., Pei, Z., Blasser, 
M.J., Aliferis, C.F., & Alekseyenko, A.V. (2013). A comprehensive evaluation of 
multicategory classification methods for microbiomic data. Microbiome, 1, 1-12. 
Stephens, W.Z., Burns, A.R., Stagaman, K., Wong, S., Rawls, J.F., Guillemin, K., & 
Bohannan, J.M.B. (2016). The composition of the zebrafish intestinal microbial 
community varies across development. International Society for Microbial 
Ecology, 10, 644–654. 
 163 
 
Suttle, C.A., Chan, A.M., & Cottrell, M.T. (1991). Use of ultrafiltration to isolate viruses 
from seawater which are pathogens of marine phytoplankton. Applied 
Environmental Microbiology, 57, 721-726. 
Tachibana, M., Watanabe, K., Kim, S., Omata, Y., Murata, K., Hammond, T., & Watarai, 
M. (2006). Antibodies to Brucella spp. in Pacific bottlenose dolphins from the 
Solomon Islands. Journal of Wildlife Diseases, 42, 412-414. 
Taubenberger, J.K., Tsai, M.M., Atkin, T.J., Fanning, T.G., Frafft, A.E., Moeller, R.B., 
Kodsi, S.E., Mense, M.G., & Lipscomb, T.P. (2000). Molecular Genetic Evidence 
of a Novel Morbillivirus in a Long-Finned Pilot Whale (Globicephalus melas). 
Emerging Infectious Diseases, 6, 42-45. 
Tiedeken, J.A., Ramsdell, J.S., & Ramsdell, A.F. (2005). Developmental toxicity of 
domoic acid in zebrafish (Danio rerio). Neurotoxicology and Teratology, 27, 
711–717. 
Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., & Gordon, J.I. 
(2006). An obesity-associated gut microbiome with increased capacity for energy 
harvest. Nature, 444, 1027-1031. 
Twiner, M.J., Fire, S., Schwacke, L., Davidson, L., Wang, Z., Morton, S., Roth, S., 
Balmer, B., Rowles, T.K., & Wells, R.S. (2011). Concurrent Exposure of 
Bottlenose Dolphins (Tursiops truncatus) to Multiple Algal Toxins in Sarasota 
Bay, Florida, USA. PLOS ONE, 6, 1-15. 
Twiner, M.J., Flewelling, L.J., Fire, S.E., Bowen-Stevens, S.R., Gaydos, J.K., Johnson, 
C.K., Landsberg, J.H., Leighfield, T.A., Mase-Guthrie, B., Schwacke, L., Van 
 164 
 
Dolah, F.M., Wang, Z., & Rowles, T.K. (2012). Comparative Analysis of Three 
Brevetoxin-Associated Bottlenose Dolphin (Tursiops truncatus) Mortality Events 
in the Florida Panhandle Region (USA). PLOS ONE, 7, 1-19. 
Van Bressem, M., Waerebeek, K.V., & Raga, J.A. (1999). A review of virus infections of 
cetaceans and the potential impact of morbilliviruses, poxviruses and 
papillomaviruses on host population dynamics. Diseases of Aquatic Organisms, 
38, 53-65. 
Van Elk, C.E., Van de Bildt, M.W., Jong, A.A., Osterhays, A.D., & Kuiken, T. (2009). 
Genital herpesvirus in bottlenose dolphins (Tursiops truncatus): cultivation, 
epidemiology, and associated pathology. Journal of Wildlife Diseases, 45, 895-
906.  
Valdiglesias, V., Prego-Faraldo, M.V., Pásaro, E., Méndez, J., & Laffon, B. (2013). 
Okadaic Acid: More than a Diarrheic Toxin. Marine Drugs, 11, 4328-4349. 
Venn-Watson, S. (2014). Dolphins and Diabetes: applying one health for breakthrough 
discoveries. Frontiers in Endocrinology, 5, 227. 
Venn-Watson, S.K., & Ridgway, S.H. (2007). Big brains and blood glucose: common 
ground for diabetes mellitus in humans and healthy dolphins. Comparative 
Medicine, 57, 390-395. 
Venn-Watson, S., Smith, C.R., & Jensen, E.D. (2008). Primary bacterial pathogens in 
bottlenose dolphins Tursiops truncatus: needles in haystacks of commensal and 
environmental microbes. Diseases of Aquatic Organisms, 79, 87-93. 
 165 
 
Venn-Watson, S., Garrison, L., Litz, J., Fougeres, E., Mase, B., Rappuci, G., Stratton, E., 
Carmichael, R., Odell, D., Shannon, D., Shippe, S., Smith, S., Staggs, L., Tumlin, 
M., Whitehead, H., & Rowles, T. (2015). Demographic Clusters Identified within 
the Northern Gulf of Mexico Common Bottlenose Dolphin (Tursiops truncates) 
Unusual Mortality Event: January 2010 - June 2013. PLOS ONE, 10, 1-13. 
Vicki, O. (2003). Domoic acid and amnesic shellfish poisoning. Extension Sea Grant, 
Oregon State University, ORESU-G-03-005, 1-2. 
Vollmer, N.L., & Rosel, P.E. (2013). A review of common bottlenose dolphins (Tursiops 
truncatus) in the Northern Gulf of Mexico: Population Biology, Potential Threats, 
and Management. Southeastern Naturalist, 6, 1-43. 
Wahl, B., Ernst, F., Kumar, Y., Muller, B., Stangier, K., & Paprotka, T. (2012). Defining 
the microbial composition of environmental samples using next generation 
sequencing. GATC Biotech, 1-4. 
Walsh, S.R., Linnerth-Petrik, N.M., Laporte A.N., Menzies, P.I., Foster, R.A., & 
Wooton, S.K. (2010). Full-Length genome sequence analysis of enzootic nasal 
tumor virus reveals an unusual degree of genetic stability. Virus Research, 151, 
74-87. 
Walsh, S.R., Linnerth-Petrik, N.M., Yu, D.L., Foster, R.A., Menzies, P.I., Diaz-Méndez 
A., Chalmers, H.J., & Wootton, S.K. (2013). Experimental transmission of 
enzootic nasal adenocarcinoma in sheep. Veterinary Research, 1, 44-66. 
 166 
 
Weller, D.W., Cockcroft, V.G., Wursig, B., Lynn, S.K., & Fertl, D. (1997). Behavioral 
responses of bottlenose dolphins to remote biopsy sampling and observations of 
surgical biopsy wound healing. Aquatic Mammals, 23, 49-58. 
Wells, R.S., Rhinehart, H.L., Hansen, L.J., Sweeney, J.C., Townsend, F.I., Stone, R., 
Casper, D., Scott, M.D., Hohn, A.A., & Rowles, T.K. (2004). Bottlenose dolphins 
as marine ecosystem sentinels: Developing a health monitoring system. 
EcoHealth, 1, 246-254. 
Wetz, J.J., Lipp, E.K., Griffin, D.W., Lukasik, J., Waid, D., Sobsey, M.D., Scott, T.M., & 
Rose, J.B. (2004). Presence, infectivity, and stability of enteric viruses in 
seawater: relationshop to marine water quality in the Florida Keys. Marine 
Pollution Bulletin, 48, 698-704. 
White, L.J., Ball, J.M., Hardy, M.E., Tanaka, T.N., Kitamoto, N., & Estes, M.K. (1996). 
Attachment and Entry of Recombinant Norwalk Virus Capsids to Cultured 
Human and Animal Cell Lines. Journal of Virology, 10, 6589–6597. 
Wilcox, R.M., & Fuhrman J. (1994). Bacterial viruses in coastal seawater: lytic rather 
than lysogenic production. Marine Ecology Progress, 114, 35-45. 
Wilhelm, S.W., & Suttle, C.A. (1999). Viruses and nutrient cycles in the sea. BioScience, 
49, 781-788 
Wilson, G., Hammond, P.S., & Thompson, P.M. (1999). Estimating size and assessing 
trends in a costal bottlenose dolphin population. Ecological Applications, 9, 288–
300. 
 167 
 
Wilson, B., Arnold, H., Bearzi, G., Fortuna, C.M., Gaspar, R., Ingram, S., Liret, C., 
Pribanic, S., Read, A.J., Ridoux, V., Schneider, K., Urian, K.W., Wells, R.S., 
Wood, C., Thompson, P.M., & Hammond, P.S. (1999). Epidermal diseases in 
bottlenose dolphins: impacts of natural and anthropogenic factors. The Royal 
Society, 266, 1077-1083. 
Wobus, C.E., Thackray, L.B., & Virgin, I.V. (2006). Murine Norovirus: a Model System 
To Study Norovirus Biology and Pathogenesis. Journal of Virology, 80, 5104-
5112. 
Wommack, K.E., Sime-Ngando, T., Winget, D.M., Jamindar, S., & Helton, R.R. (2010). 
Filtration based methods for the collection of viral concentrates from large water 
samples. Manual of Aquatic Viral Ecology, 12, 100-117. 
Worthy, G.A.J. (1998). Patterns of Bottlenose Dolphin, Tursiops truncatus, strandings in 
Texas. characteristics and causes of Texas marine strandings. NOAA Technical 
Report NMFS, 47-55. 
Wylie, K.M., Weinstock, G.M., & Storch, G.A. (2012). Emerging View of the Human 
Virome. Translational Research : the Journal of Laboratory and Clinical 
Medicine, 4, 283-290. 
Yang, S., Wen, X., Zhao, L., Shi, Y., & Jin, H. (2014). Crude Oil Treatment Leads to 
Shift of Bacterial Communities in Soils from the Deep Active Layer and Upper 
Permafrost along the China-Russia Crude Oil Pipeline Route. PLOS ONE, 9, 1-5. 
Yu, D.L., Linnerth-Petrik, N.M., Halbert, C.L., Walsh, S.R., Miller, A.D., &Wootton, 
S.K. (2011). Jaagsiekte Sheep Retrovirus and Enzootic Nasal Tumor Virus 
 168 
 
Promoters Drive Gene Expression in All Airway Epithelial Cells of Mice but 
Only Induce Tumors in the Alveolar Region of the Lungs. Journal of Virology, 
85, 7535-7545. 
Zhou, G., & Roizman, B. (2000). Wild type herpes simplex virus 1 blocks programmed 
cell death and release of cytochrome c but not the translocation of mitochondrial 
apoptosis inducing factor to the nuclei of human embryonic lung fibroblasts. 
Journal of Virology, 74, 9048-9053. 
 
